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SECTION  1 


INTRODUCTION 


The  Trajectory  Reconstruction  Program  (TRP)  system  consists 
of  vehicle  simulation  subprograms  designed  and  written  in  FORTRAN  fcr 
CDC  6600/7600,  IBM  360/370,  and  UNIVAC  1108/1110  series  computers. 

The  overall  simulation  system  has  been  designed  to  accommodate  extreme 
variations  in  vehicle  configuration,  flight  profile,  and  mission  objective  and  to 
provide  a fast  reaction  to  specific  simulations  at  minimal  cost.  Note  that  this 
simulation  system  consists  of  a family  of  computer  subprograms  from  which 
a judicious  selection  can  be  made  to  form  a specific  simulation  system  for  a 
particular  simulation  task. 

The  TRP  system  is  a valuable  analytical  tool  that  can  be  used 
in  a wide  variety  of  ways  in  many  phases  of  the  design,  development,  and 
mechanization  of  aerospace  vehicles  (e.  g.  , guidance  analysis,  computer 
simulation,  subsystems  modeling,  trajectory  design,  launch  support,  mission 
simulation,  environmental  modeling,  postflight  reconstruction,  and  error 
analysis). 

Two  major  design  features  of  the  TRP  system  make  it  general 

and  versatile: 

• The  selection  and  organization  of  functional  units 

• The  manner  in  which  flight  profiles  are  presented  to 
the  program 

With  regard  to  functional  organization,  generality  and  versatility  are  obtained 
by  the  modular  construction  coriv.*:pt.  The  TRP  system  is  an  integrated  set  of 
functional  units  called  modules;  each  module  contains  selectable  models  that 
car.be  used  for  specific  simulation  purposes. 

With  regard  to  the  second  major  design  aspect,  each  flight 
profile  is  defined  as  a sequence  of  trajectory  phases,  each  phase  initiated  by 
an  event.  At  each  event,  the  necessary  data  and  criteria  associated  with  the 
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next  phase  are  processed  and  assigned  to  the  module  for  which  they  are 
required.  Many  specific  design  and  mechanization  problems  are  connected 
with  this  aspect  of  the  TRP  system;  however,  successful  development  of  the 
techniques  necessary  to  accommodate  varying  flight  profiles  has  produced  a 
generalized  simulation  system  characterized  by  simple,  low-cost  operation; 
versatility;  growth  potential;  and  fast  reaction  times  to  specific  simulations. 

From  its  conception,  the  TRP  system  has  been  designed  to 
accommodate  either  three  or  six  degree  of  freedom  simulation  requirements. 
TRP  also  features  multiple  vehicle  simulation,  system  error  analysis,  and 
postflight  reconstruction  capabilities. 

This  Milestone  2/3  Report  contains  a detailed  description  of 
TRP  structure  and  design.  It  is  intended  to  provide  basic  instruction  for 
new  users,  not  the  information  needed  for  day  to  day  TRP  operation.  This 
report  is  published  in  two  volumes:  Description  and  Overview  (Vol.  I)  and 
Equations  and  Logic  (Vol.  II).  Volume  II  is  divided  into  Parts  A,  B,  and  C 
for  user  convenience.  Part  A describes  the  input  and  executive  modules. 
Part  B describes  the  trajectory  tracking  and  reconstruction  modules,  and 
Part  C describes  the  trajectory  generation  modules. 

This  section  contains  a general  description  of  TRP  functional 
design,  mission  profile  specification,  and  data  input  techniques.  Trajectory 
generation  features  and  capabilities,  parameter  reconstruction  and  data 
matching,  and  error  analysis  are  discussed  here,  and  the  major  observation 
data  types  are  also  listed. 

The  YEOMAN  system  is  described  in  Sec.  2.  Flow  charts 
and  equations  are  presented,  along  with  a description  of  input  and  output 
variables.  Various  coordinate  systems  and  types  are  described  in  Sec.  3. 
Interface  details  (including  data  storage,  card  and  tape  input  mechanics, 
output  types  and  destinations,  control  and  operating  system  interfaces, 
and  storage  and  timing  requirements)  are  discussed  in  detail  in  Sec.  4. 

*M.  J.  Rademacher  and  W.  F.  Rearick,  Trajectory  Reconstruction  Program 
Milestone  7 Report  (Usage  Guide),  Report  No.  TR-0075(9320)-4,  The 
Aerospace  Corp.  , El  Segundo,  Calif.  (15  November  1974). 
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Section  5 contains  a detailed  description  of  important  aspects 
of  the  TRP  system.  An  understanding  of  the  mechanization  principles  used 
in  the  design  of  TRP  is  important  in  making  best  use  of  the  program.  Pro- 
gramming conventions  used  in  the  original  program  design  are  also  presented 
here;  these  conventions  should  be  adhered  to  in  further  program  development. 

Error  checking  (execution,  system,  and  input  errors),  abort 
procedures,  and  special  features  of  TRP  are  presented  in  Sec.  6. 

Symbol  cross  references  are  listed  alphabetically  and  alpha- 
betically by  module  in  Appendix  A.  TRP  subroutines  are  listed  alphabetically 
in  Appendix  B,  subroutine  cross  references  are  listed  in  Appendix  C,  and 
required  commons  and  externals  are  listed  by  subroutine  in  Appendix  D. 

1.1  FUNCTIONAL  DESIGN 

1.1.1  Functional  Requirements 

The  functional  requirements  that  have  influenced  the  design  of 
the  TRP  system  result  primarily  from  experience  with  other  simulation  pro- 
grams and  from  a forecast  of  future  simulation  requirements  in  the  aerospace 
industry.  A very  general,  but  demanding  requirement  is  that  all  flight 
dynamics  elements  must  be  included  in  any  simulation,  with  only  the  degree 
of  sophistication  and  physical  realism  that  satisfies  the  needs  of  the  user 
(and  nothing  more).  This  particular  requirement  has  been  satisfied  through 
a model  selection  capability  within  each  module  (modules  are  assigned  a 
major  simulation  function,  and  models  perform  specific  functions  within  each 
module). 

The  specification  of  arbitrary  mission  profiles  for  the  TRP 
system  is  another  very  demanding  requirement  that  has  considerably  influenced 
the  overall  program  design  (Sec.  1. 3). 
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Along  with  these  two  general  requirements,  the  following  were 
also  treated  as  TRP  design  requirements: 

Flexibility- 

Operational  simplicity 
Fast  reaction  time 
Growth  potential 

Low  operational  cost  per  simulation 
f>  Ease  of  program  maintenance 

• Machine  independence 

1,1.2  Elements  of  Flight  Dynamics 

Embedded  in  the  total  complex  of  the  TRP  system  is  a set  of 
modules,  or  units  that  have  functional  significance  v/ith  respect  to  flight 
dynamics.  The  functions  performed  by  these  units,  as  well  as  their  inter- 
action, have  been  precisely  defined.  These  units,  or  flight  dynamics  ele- 
ments, which  are  fundamental  to  the  TRP  system  design  are: 

Propulsion 

Structure  (mass  properties) 

Aerodynamics 
Control 
Sensors 

Rotational  motion 
Translational  motion 
<t  Environment 

• Guidance  and  sensor  data  processing 

o Radar  tracking 

The  modeling  of  the  navigation  function  of  flight  dynamics  has 
been  split  into  sensors  and  sensor  data  processing.  This  split  also  occurs  in 
the  real  world  because  the  sensor  function  is  primarily  hardware  oriented, 
and  the  sensor  data  processing  and  guidance  functions  are  both  primarily 
software  oriented.  From  a computer  mechanization  point  of  view,  it  is  often 
impossible  to  separate  sensor  data  processing  and  guidance  functions;  thus 
they  are  combined  into  a single  functional  unit  in  the  TRP  system. 
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Modules  and  Models 


The  TRP  system  is  composed  of  a set  of  modules,  each  of 
which  performs  a significant  simulation  function.  Modules  fall  into  two 
categories:  chose  that  mathematically  represent  the  physical  processes 
being  simulated  and  those  associated  with  the  program's  sequence  of  opera- 
tions, viz.  , input,  output,  and  executive  control. 

A model  is  defined  as  a selectable  method  of  performing  a 
module's  function.  Therefore  each  module  has  a number  of  models  in  its 
repertory,  and  each  performs  the  module  function  in  a different  way. 

The  dynamic  equations  associated  with  the  TRP  system  are 
based  on  the  classical  laws  of  physics,  but  as  a rule  the  mathematical  models 
mechanized  in  the  TRP  system  are  not  the  most  general  representations 
available;  simplifying  assumptions  are  often  made.  Generality  in  mathe- 
matical models  creates  mechanization  problems  and  results  in  models  that 
are  expensive  and  difficult  to  use.  Similar  problems  exist  with  executive 
functions,  so  the  simple  model  concept  was  implemented  to  provide  a means 
of  removing  a large  portion  of  the  logic  from  models,  and  therefore  from 
modules.  Logic  is  thus  largely  specified  via  model  selection  at  event  time  by 
direct  input.  This  design  philosophy  is  consistent  with  the  requirement  that 
the  program  not  be  too  costly  to  operate.  A very  general  function,  when 
mechanized  on  a computer,  is  very  inefficient  for  the  simple  cases,  so  a 
basic  decision  was  made  to  mechanize  multiple  models,  designed  for  specific 
simulation  requirements,  in  most  modules.  These  models  are  then  selected 
as  needed.  Simply  stated,  the  multiple  model  selection  process  is  effected 
by  the  same  concept  utilized  for  variation  in  flight  profiles,  i.e.  , by  input  at 
the  time  of  an  event. 

1.1.4  Module  Interaction 

With  the  modularized  construction  design,  the  selection  of 
well  defined  functional  units  eliminates  ambiguous  interfaces.  As  a result, 
each  module  has  well  defined  inputs  and  outputs  and  can  be  figuratively  de- 
scribed as  a black  box  with  inputs  and  outputs,  as  shown. 
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PARAMETERS  AND  VARIABLES  INPUT 
FRCM  OTHER  MODULES 


OUTPUT 


The  overall  set  of  modules  that  comprise  the  TRP  system 
interact  with  each  other  in  the  manner  shown  in  Fig.  1-1.  Each  module  is 
identified  by  a five- letter  mnemonic  related  to  the  functional  role  played  by 
the  module  (Table  i-1).  Each  module  containing  an  X as  the  fourth  character 
in  its  mnemonic  is  classified  as  an  executive  module,  which  performs  a 
major  sequencing  or  control  function.  Only  through  an  executive  module  can 
another  module  be  executed. 

Three  executive  modules  (MPEXM,  TSPXM,  and  CYCXM)  form 
a hierarchy  of  executive  modules  in  the  TRP  system.  The  Master  Program 
Executive  (MPEXM),  which  performs  the  highest  level  executive  functions  in 
the  TRP  system,  is  a step  removed  from  trajectory  simulation  and,  as  such, 
it  controls  the  task  of  selecting  the  prime  function  to  be  performed.  This  is 
usually  trajectory  simulation;  however,  other  types  can  be  controlled  through 
this  executive  (e.g.  , error  analysis  and  postflight  reconstruction),  TSPXM 
and  CYCXM  modules  perform  trajectory  simulation  functions  on  a total 
trajectory  and  a computational  cycle  basis,  respectively.  Three  other 
executive  modules  (DPGXM,  INTXM,  and  INFXM)  are  all  controlled  from 
CYCXM.  These  executives,  in  turn,  control  all  modules  that  simulate  the 
dynamic  process. 

Because  of  demanding  requirements  for  open  loop,  pseudo  type 
guidance  and  navigation  simulations,  very  generalized  techniques  for  open  loop 
steering  and  event  determination  have  been  mechanized  and  assigned  module 
stature,  viz.  , OLSTM  and  TGOEM,  respectively.  These  two  modules,  to- 
gether with  DPG1M,  DPG2M,  and  TRAKM,  provide  a considerable  capability 
in  the  areas  of  data  processing  and  guidance  and  open  loop  trajectory  simula- 
tion. These  modules  are  controlled  by  DPGXM,  with  TGOEM  controlled  by 
CYCXM. 


Fig.  1-1.  TRP  Module  Interactions 


Table  1-1.  Module  Mnemonics 


SERVM 

MPEXM 

INP1M 

INP2M 

TSPXM 

CYCXM 

DPGXM 

DPG1M 

DPG2M 

OLSTM 

TGOEM 

TRAKM 

CONTM 

ENVRM 

STRTM 

AERMM 

PROPM 

RMOTM 

TMOTM 

SENSM 

JUNKM 

INTXM 

INFXM 

PFRPM 

ITERM 

ITIFM 


Service  module 

Master  Program  Executive  module 

Input  Processing  module  number  1 

Input  Processing  module  number  2 

Trajectory  Simulation  Processing 
Executive  module 

Cycling  Executive  module  I 

Data  Processing  and  Guidance  Executive  module 
Data  Processing  and  Guidance  module  number  1 
Data  Processing  and  Guidance  module  number  2 
Open  Loop  Steering  module 
Time  to  Go  to  an  Event  module 
Radar  Tracking  module 
Control  module 
Environmental  module 
Structures  module 
Aerodynamic  module 
Propulsion  module 
Rotational  Motion  module 
Translational  Motion  module 
Sensor  module 
Miscellaneous  module 

Integration  or  Dynamics  Executive  module 
Information  Executive  module 
Postflight  Reconstruction  Processor  module 
Iteration  Control  module 
Iteration  Information  module 
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INTXM  is  the  dynamics  or  integration  executive  module  of  the 
TRP  system.  It  controls  all  dynamic  processes  being  simulated  outside  the 
data  processing  and  guidance  functions;  it  also  controls  the  integration  of 
derivatives  that  appear  in  the  equations  of  motion,  control  equations,  etc. 

The  modules  controlled  by  INTXM  (Fig.  1-1)  are  all  mathemati- 
cally oriented,  each  computationally  executing  the  function  assigned  to  it.  For 
many  simulations,  SENSM  and  CONTM  perform  trivial  or  do-nothing  computa- 
tional functions;  and  in  free  fall,  RMOTM,  AERMM,  and  PROPM  are  normally 
assigned  trivial  functions.  Therefore,  ENVRM  and  TMOTM  ar<  the  work- 
horse modules  controlled  by  INTXM.  The  miscellaneous  module  (JUNKM)  is 
available  for  general  and/or  temporary  equations  which  do  not  specifically  fit 
in  any  of  the  other  modules. 

INFXM,  which  performs  the  trajectory  information  function  for 
the  TRP  program,  is  formulated  to  provide  direct  output  in  the  form  of  print 
formats  or  data  tapes,  ,'t  also  is  concerned  with  auxiliary  computations. 

A set  of  three  modules,  collectively  called  the  Postflight 
Reconstruction  Processor  (PFRP),  gives  TRP  the  ability  to  perform  iterations 
to  match  specified  constraints  or  data  and  to  perform  error  analysis.  The 
module  PFRPM  solves  a set  of  nonlinear  equations  in  an  iterative  manner  with 
partial  derivatives  approximated  by  finite  differences  generated  by  perturba- 
tion techniques.  The  Iteration  Information  module  (ITIFM)  performs  the 
calculations  for  the  partials  and  residuals,  and  the  Iteration  Control  module 
(ITERM)  generates  the  necessary  trajectories  for  these  functions. 

The  Input  Processing  modules  (INP1M,  INP2M)  perform  the 
function  of  data  input. 

Finally,  the  Service  module  (SERVM)  stands  alone,  servicing 
all  other  modules  with  a constants  pool,  a temporary  storage  pool,  and  a 
library  of  service /utility  routines. 
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This  then  is  a very  brief  description  of  module  interaction 
in  the  TRP  system.  The  user  must  refer  to  Vol.  II  of  this  report  for  a 
complete  description  of  individual  modules  and  the  interaction  of  all 
variables  involved. 

1.  2 MISSION  PROFILE  SPECIFICATION 

Trajectory  simulation  with  the  TRP  system  is  accomplished 
by  describing  the  desired  mission  profile  as  a series  of  phases  separated  by 
events.  Some  of  the  terms  used  in  connection  with  this  subject  are  defined 
below: 


A family  of  trajectories,  all  characterized 
by  a similar  sequence  of  events. 

The  dynamic  state  of  the  vehicle  being 
simulated,  generally  as  a function  of 
time  (the  term  is  used  here  in  the 
broad  sense). 

A subset  of  the  total  trajectory  considered, 
which  is  initiated  by  an  event  and  terminated 
by  some  later  event  initiation. 

A discrete  point  along  a trajectory,  which 
represents  the  terminating  point  of  the  pre- 
ceding trajectory  phase  and  the  initiation 
point  of  the  following  one.  Events  may  signify 
abrupt  changes  in  the  variables  of  the  dynamic 
process  being  simulated,  or  in  simulation 
models  or  philosophy,  or  events  may  simply 
be  information  output  points. 

In  the  TRP  system,  considerable  emphasis  is  placed  on  events 
because  the  course  of  a simulation  can  only  be  altered  externally,  through 
input,  at  event  time.  The  course  a simulation  takes  due  to  internal  pro- 
grammed equations  is  another  matter;  tl  significant  fact  remains  that  the 
user  has  no  external  control  over  a TRP  simulation  except  at  events,  and  it 
fellows  that  all  TRP  input  and  initialization  are  geared  to  them. 


Mission  profile 
Trajectory 

Trajectory  phase 
Event 


1.  2.  1 


Event  Classification 
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All  events  are  classified  according  to  whether  they  are  primary 
or  secondary  and  ordered  or  unordered.  They  are  also  classified  in  terms  of 
whether  they  can  be  ordered  absolutely  with  respect  to  each  other.  If  all 
events  for  a given  mission  profile  are  specified,  there  is  always  a starting 
event  and  a desired  terminating  event  for  each  simulation  case.  In  the  tra- 
jectory interval  between  the  beginning  and  the  end  of  the  profile,  a sequence 
of  events  that  may  or  may  not  occur  in  some  predetermined  order  usually 
exists.  All  events  that  must  occur  in  absolute  order  with  respect  to  each 
other  are  termed  type  1,  or  ordered  events;  starting  events  are  always 
type  1 events.  Any  event  that  cannot  be  given  an  absolute  order  is  classified 
as  a type  2,  or  unordered  roving  event.  A variation  of  the  type  2 event  is 
the  type  3,  or  repetitive  unordered  roving  event  (i.e. , it  may  be  activated 
more  than  once). 

When  a designated  event  is  superseded  by  another  event,  the 
superseded  event  is  called  a secondary.  All  other  events  are  primary. 

The  kinds  of  events  that  may  be  specified  and  their  corres- 
ponding event  type  numbers  are: 

0 Primary  type  1 (ordered) 

1 Secondary  type  1 (ordered) 

2 Primary  type  2 (unordered) 

3 Secondary  type  2 (unordered) 

4 Primary  type  3 (repeating) 

A type  1 primary  event  must  occur  during  the  course  of  a 
complete  and  successful  simulation  and  must  be  in  absolute  order  with 
respect  to  all  other  type  1 primary  events. 

A type  1 secondary  event  may  or  may  not  occur,  but  if  it  does 
it  must  occur  in  the  interval  bounded  by  two  consecutive  type  1 primary 
events.  If  more  than  one  type  1 secondary  event  is  specified  in  the  same 
interval,  they  must  occur  in  the  order  specified.  To  illustrate:  Let  P^ 
and  P^  be  two  consecutive  type  1 primary  events  and  let  S^  and  S^  be 
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two  consecutive  type  i secondary  events,  which  (if  they  occur)  must  occur 
within  the  interval  separated  by  and  P^-  The  TRP  philosophy  permits 
the  following  three  sequences  of  events,  given  appropriate  event  criteria: 


Sequence  1 

Pll' 

Sn,  £^2  (inPu*  sequence) 

Sequence  2 

Pli' 

sir  Pi2 

Sequence  3 

Pii’ 

Pi2 

Sequence  i is  the  specified  input  sequence. 

A type  2 primary  event  is  a roving  event  that  can  occur  any 
time  in  the  event  sequence  after  it  has  been  specified.  It  is  distinguished 
from  a type  2 secondary  event  because  it  can  occur  anywhere  along  the  tra- 
jectory profile,  whereas  the  type  2 secondary  event  pertains  to  an  interval. 

To  illustrate,  add  to  the  previous  input  sequence  a type  2 primary  event 
called  P^i  and  specify  it  in  the  interval  separating  P^  and  The  following 

sequences  of  events  may  then  occur,  based  on  the  input  (number  1)  sequence, 
again  given  appropriate  event  criteria: 


Sequence  1 

pir 

P21’ 

SH' 

S12- 

P^2  (input  sequence) 

Sequence  2 

pir 

Sll' 

P21’ 

S12’ 

P12 

Sequence  3 

pir 

sir 

S12’ 

P21 ' 

P12 

Seguence  4 

pii’ 

sii' 

S12’ 

P12’ 

P21 

Sequence  5 

pn- 

P21’ 

sir 

P12 

Sequence  6 

pii’ 

Sll' 

P21 ' 

P12 

Sequence  7 

pir 

sir 

P12’ 

P21 

Sequence  8 

pir 

P21' 

P12 

Sequence  9 

pir 

P12’ 

P21 

Sequences  4,  7,  and  9 

will  not 

include  event  P 

2^  whenever  event  P^  is  the 

last  one  in  the  profile.  Thus,  it  is  possible  that  a type  2 primary  event  will 
not  occur,  even  though  it  is  specified  early  in  the  event  sequence  (Sec.  1.3.  2). 
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A type  2 secondary  event  is  also  a roving  event,  but  it  can  only 
rove  over  an  interval  bounded  by  the  two  consecutive  type  1 primary  events 
between  which  it  is  specified.  It  is  not  reasonable  to  specify  a type  2 
secondary  event  in  an  interval  if  no  type  1 secondaries  are  specified  in  the 
same  interval  because  a single  event  occurring  between  two  ordered  events 
cannot  be  unordered.  Taking  the  event  sequence  Pll'  Sll'  S12’  P12  and 
specifying  a type  2 secondary  event  (S^j)  in  the  interval  between  and 
leads  to  the  following  possible  sequences,  given  appropriate  criteria: 


Sequence  1 

PU' 

S21' 

°ir 

S12’ 

Pi2  < 

Sequnce  2 

Pll' 

S21' 

sii' 

P1 2 

Sequence  3 

Pll' 

S21' 

P12 

Sequence  4 

Pll' 

Sll’ 

S21’ 

S12' 

P12 

Sequence  5 

Pll' 

Sli’ 

S12' 

S21' 

P12 

Sequence  6 

Pll' 

Sll' 

S21' 

P12 

Sequence  7 

Pll' 

P12 

<pii 

? supersede 

A type  3 primary  event  is  like  a type  2 primary  event  in  that 
it  may  occur  at  any  point  in  the  event  sequence  after  it  has  been  specified,  or 
it  may  not  occur  at  all.  The  difference  is  that  the  type  2 event  may  occur 
only  once,  after  which  it  is  beyond  consideration  in  the  event  determination 
process.  The  type  3 event  may  occur  as  many  times  as  event  criteria  permit. 


1.2.2  Event  Specification 

Given  a mission  profile  and  a sequence  of  events  related  to  it, 
it  is  necessary  to  assign  an  ESN  (event  sequence  number)  to  each  member  of 
the  event  sequence  to  be  considered  in  the  simulation.  The  following  should 
be  considered  when  these  numbers  are  assigned: 


• ESNs  are  restricted  to  a range  of  values  such  that 
. 1 £ ESN  £ 199  for  vehicle  1 

, 1 £ ESN  £ 99  for  vehicles  2 through  9 
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• Each  assigned  ESN  must  be  unique  (tv/o  events  occurring 
along  the  same  mission  profile  cannot  have  identical  ESNs). 

• The  first  event  is  always  associated  with  the  smallest 
designated  ESN  and  must  be  a type  1 primary  event. 

This  event  is  considered  to  be  executed  at  the  start  of  a 
trajectory;  as  such,  the  event  criteria  are  not  monitored. 

• All  type  1 events  must  be  assigned  ESNs  in  a monotonically 
increasing  order,  one  to  one  with  the  order  in  which  they 
will  occur  in  the  simulation. 

• A type  2 or  3 primary  event  is  a roving  event,  and  the 
ESN  assigned  to  it  should  be  smaller  than  any  ESN 
assigned  to  an  event  that  may  occur  later. 

It  is  one  thing  to  classify  an  event  and  to  assign  it  an  ESN,  but 
it  is  quite  another  to  specify  event  criteria  for  the  determination  of  the  event. 

A single  criterion  or  a set  of  criteria  for  event  determination  must  be 
specified  for  each  event  except  the  first,  which  stands  alone;  by  definition 
it  has  occurred  once  the  simulation  commences. 

Criteria  for  event  determination  are  all  specified  to  provide 
a measure  of  the  time  to  go  until  the  occurrence  of  the  event  for  which  a 
criterion  is  specified.  Equations  and  full  details  are  presented  in  the  TGOEM 
description  (Sec.  2.  13). 

When  multiple  criteria  are  specified  for  an  event  determination, 
the  criterion  producing  a time  to  go  parameter  (which  goes  to  zero  first)  be- 
comes the  instrument  for  event  determination,  and  the  other  criteria  are 
disregarded.  From  the  sample  event  sequences  (Sec.  1.3.  1),  it  is  apparent 
that  criteria  relative  to  a number  of  events  must  be  monitored  simultaneously 
if  secondary  and  type  2 primary  events  are  specified.  To  illustrate,  take 
the  input  event  sequence 


4 


11 


?.1 


21 


22 


11 


12 


In  this  example,  all  criteria  associated  with  events  S2j,  P^,  S ^ , Sjj,  and 
are  monitored  as  soon  as  event  occurs.  Whenever  an  event  other 
than  a type  3 is  encountered,  the  criteria  used  in  determining  the  event  are 
dropped.  If  a type  1 primary  is  encountered  (such  as  Pj^),  all  criteria 
associated  with  S21,  S.^,  and  are  immediately  dropped  (as  well  as  those 


associated  with  Pj^). 


If  P^j  is  not  encountered  before  Pj^,  criteria  are 


still  monitored,  provided  that  Pj^  Is  not  the  final  event  in  the  sequence. 

1.2.  2.1  Example  1:  Ballistic  Mission  Profile 

The  typical  ballistic  missile  follows  a mission  profile  with  a 
sequence  of  major  ordered  events  such  as: 


• Liftoff 

• End  first  stage,  start  second  stage 

• End  second  stage,  start  third  stage 

• End  third  stage,  start  free  fall 

• Apogee 

• End  free  fall,  start  reentry 

• Impact 

All  these  events  must  occur  for  the  successful  completion  of  a launch  to 
impact  mission,  so  it  is  appropriate  to  classify  each  of  these  events  as 
type  1 primary.  Let  this  sequence  of  type  1 primary  events  be  represented 

by  the  abbreviated  nomenclature:  P^j,  ^12'  ^13'  ^14’  ^15'  ^16’  an^  Pj^- 
Further,  let  these  events  be  assigned  corresponding  ESNs,  viz.  , 10,  20,  • • • , 70. 
For  certain  applications  this  sequence  of  events  may  be  complete,  but  there 
may  be  additional  events  that  must  be  inserted  into  the  sequence,  depending  on 
the  degree  of  sophistication  with  which  the  mission  profile  is  to  be  simulated. 

For  example,  consider  the  following  type  2 primary  events  that 
might  be  inserted  into  the  mission  profile: 

• Departure  from  the  earth's  atmosphere 

• Maximum  simulation  time 


i 
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Let  these  two  events  be  called,  respectively,  P^j  and  or  rov'ing 

primary  events),  and  let  the  ESNs  16  and  17  be  assigned.  The  event  criteria 
for  these  events  are  monitored  at  the  start  of  the  simulation  because  they  fall 
between  the  first  and  second  primary  events.  Event  is  recognized  and 
encountered  even  if  it  is  impossible  to  determine  beforehand  whether  the 
vehicle  will  depart  from  the  earth's  atmosphere  before  or  after  event  Pj^. 
The  maximum  time  event  may  not  occur  unless  the  vehicle  goes  into  orbit  or 
some  unpredictable  situation  develops,  causing  the  maximum  time  to  be 
reached  before  event  P^  occurs.  Thus,  P^^  provides  an  emergency  means 
of  terminating  the  simulation. 

In  addition,  suppose  that  the  following  events  are  to  be  con- 
sidered and  that  the  order  of  their  occurrence  is  unknown: 


• Constant  time  of  flight 

• 45 -deg  reentry  angle 


It  is  assumed  that  these  events  must  occur  between  P and  P if  at  all; 

16 

indeed,  it  is  quite  possible  that  over  a wide  range  of  trajectories  either  one 
or  both  of  these  events  will  not  be  encountered  in  the  interval  between  P^ 
and  Pj7*  It  is  therefore  appropriate  that  they  both  be  classed  as  secondaries. 
One  of  these  secondary  events  may  arbitrarily  be  designated  a type  1 and  the 
other  a type  2 because  their  order  of  occurrence  is  unknown  in  this  example. 

Let  the  constant  time  of  flight  event  be  (type  2)  and  the 
45 -deg  reentry  angle  event  be  (type  1),  and  let  their  ESNs  be  66  and  67, 
respectively.  This  assures  that  the  criterion  or  criteria  for  are  monitored 
as  soon  as  those  for  S^. 

Note  that  in  this  example  and  Sjj  could  have  been  specified 
as  type  2 primary  events  because  the  next  type  1 primary  event  concludes  the 
mission  profile.  Alternatively,  could  have  been  designated  a type  2 
secondary,  but  both  could  not  have  been  classified  as  type  1 secondary  events. 


1 . 2.  2.  2 Example  2:  Earth  Parking  Orbit  to  Lunar  Impact  Profile 

A mission  profile,  starting  from  a point  in  an  earth  parking 
orbit  and  proceeding  to  lunar  impact,  might  have  the  following  sequence  of 
major  events: 
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Leave  earth  parking  orbit 

Commence  free  fall  phase  in  earth's  sphere  of  influence 
Enter  sun  acquisition  phase 

Leave  sun  acquisition  phase  and  enter  earth  acquisition  phase 

Leave  earth  acquisition  phase  and  resume  normal  free  fall 
phase 

Begin  first  midcourse  maneuver 

Terminate  first  midcourse  maneuver  and  resume  free  fall 
phase 

Begin  terminal  maneuver 
End  terminal  maneuver 
Lunar  impact 

If  all  these  events  are  required  in  the  order  shown  for  successful  mission 
completion,  they  can  properly  be  described  as  type  1 primary  events.  The 


labels  Pj  , , Pj2' 


P are  assigned  to  this  sequence  of  events,  with 


corresponding  ESNs  of  40,  45,  50,  • • • , 85.  In  this  example,  it  may  be 
required  to  perform  several  additional  midcourse  maneuvers  between 
and  Pjg.  The  events  required  should  be  classified  as  type  1 secondaries, 
and  if  each  of  the  two  possible  midcourse  maneuvers  persists  for  a finite 
time,  four  events  are  required.  Therefore,  Sjj,  Sj^,  and  can  be 

assigned  the  ESNs  7 1,  72,  73,  and  74,  respectively. 

In  addition,  let  it  be  assumed  that  it  is  necessary  to  recognize 
the  following  type  2 primary  event:  leave  earth's  sphere  of  influence  and 
enter  lunar  sphere  of  influence.  Call  this  event  P^j  and  assign  62  as  its  ESN. 
This  ensures  that  the  criteria  for  this  event  are  monitored  as  soon  as  the 
earth  acquisition  phase  (for  vehicle  stabilization)  is  completed. 

1,2.3  Event  Initialization 

The  TRP  system  interprets  events  as  discrete  time  points. 
Each  discrete  time  point  is  given  a t , t^,  and  t+  interpretation;  the  t"  inter- 
pretation pertains  to  the  end  of  the  preceding  trajectory  phase,  the  t+  to  the 
initiation  of  the  subsequent  trajectory  phase,  and  the  t^  to  data  retrieval  and 
initialization. 
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In  effect,  each  event  is  considered  to  be  a point  of  discontinuity. 
New  data  enter  the  simulation  at  t^  of  each  event  and  may  take  many  forms, 
varying  from  simple  alphanumeric  identification  to  complete  sets  of  vehicle 
and  environmental  data.  All  of  these  data  very  much  depend  on  the  particular 
event. 

All  input  data  are  entered  into  the  data  3UCKET  on  a vehicle, 
ESN,  and  module  basis  by  the  input  module  INP1M.  At  the  tU  of  each  event's 
occurrence,  the  BUCKET  is  examined  by  TSPXM,  and  all  data  pertinent  to 
the  event  are  placed  in  the  input  section  of  the  modules  for  which  they  are 
specified.  TSPXM  then  makes  the  initialization  pass  through  all  modules; 
at  this  time  the  initialization  models  perform  any  computations  necessary 
before  starting  into  the  next  trajectory  phase.  It  is  a design  fundamental  that 
all  initialization  is  performed  at  event  time  on  a module  basis  and  that  all 
initialization  procedures  are  followed  irrespective  of  the  event  type. 

1.3  DATA  INPUT 

Input  to  the  TRP  system  is  primarily  by  card  images;  tape 
input  is  limited  to  time  histories  of  observed  data  for  postflight  reconstruc- 
tion. Both  types  of  input  have  prescribed  formats  that  were  chosen  to  facil- 
itate the  internal  arrangement  of  the  data.  Input  is  by  vehicle  number,  ESN, 
module  name,  and  mnemonic  parameter  name.  The  advantage  of  mnemonic 
input  lies  in  the  ease  with  which  a user  can  communicate  with  the  program 
because  symbolism  is  related  directly  to  the  functional  process. 

The  TRP  system  interprets  events  as  discrete  time  points 
during  the  simulation  process.  New  data  may  be  entered  at  each  event,  and 
it  may  vary  from  alphanumeric  identification  to  complete  configurations  or 
reconfigurations.  The  criterion  for  each  event  is  also  specified  by  input  and 
can  be  based  on  any  variable  computed  in  the  program. 

All  input  data  goes  into  an  expandable  buffer  called  the  BUCKET. 
This  concept  allows  storage  to  be  conserved  by  using  only  the  amount  needed 
for  a particular  simulation  (and  no  more).  Simple  mission  profiles/vehicles 
thus  require  much  less  program  storage  than  complex  ones.  All  data  is 
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processed  at  input  time  by  INP1M  and  INP2M;  stored  in  the  BUCKET;  and 
sorted  by  type,  vehicle,  ESN,  and  module.  This  enables  processing  routines 
to  quickly  access  the  particular  data  required  at  event  times. 

The  user  must  be  familiar  with  several  types  of  input,  which 
are  described  briefly  here.  Section  4.  2 contains  a more  complete  description. 


1.3.  1 


Description  Data 


Data  card  formats  describe  the  simulation  in  various  ways. 
Each  event  and  each  simulation  case  has  a description  card.  These  cards 
have  no  impact  on  the  simulation,  but  they  make  the  output  more  descriptive. 


1.3.2 


Event  Criteria  Data 


This  data  specifies  the  criteria  for  the  determination  of  events 
along  the  trajectory.  For  each  event  the  user  specifies  such  things  as  the 
event  type  (ordered  or  unordered,  primary  or  secondary),  the  form  of  the 
time  to  go  equation  to  be  used  to  compute  how  close  the  event  is,  the  TRP- 
computed  variable,  the  value  the  TRP-computed  variable  must  attain  for  the 
event  to  occur,  and  the  name  of  the  first  derivative  of  the  variable  (if  it  exists). 


1.3.3 


General  Data 


General  data  consists  of  scalar  quantities  that  are  input  to  a 
named  variable  at  a specific  ESN.  This  variable  is  set  to  the  input  value 
when  the  ESN  is  reached,  and  it  retains  that  value  until  it  is  changed  by  input. 
General  data  is  specified  by  vehicle  number,  ESN,  module  name,  and  variable 


name . 


1.3.4 


Model  Specification  Data 


Model  selection  data  specifies  the  model  desired  for  each 
module.  It  is  similar  to  general  data  in  that  it  is  scalar;  input  by  vehicle, 
ESN,  and  module;  and  retains  its  condition  until  it  is  changed  by  input.  It 
differs  from  general  data  in  that  the  input  is  the  name  of  a model  rather  than 
a numerical  value. 
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1.3.5  Interpolation  Data 

Tabular  data  is  similar  to  general  data  except  that  it  consists 
of  a table  of  data  rather  than  a scalar  constant.  This  table  is  in  the  'orm  of 
paired  values  of  an  independent  variable  and  a dependent  variable.  There  may 
be  any  number  of  these  pairs,  but  they  must  be  in  ascending  order  of  indepen- 
dent variable  value.  The  method  of  interpolation  may  be  specified;  several 
techniques  are  available.  Tables  may  cross  reference  other  tables  for  data, 
and  the  independent  variable  name  may  be  specified. 

1.3.6  Control  Cards 

Control  cards  are  simply  means  of  manipulating  the  data  input 
stream.  They  are  inserted  into  the  data  card  set  ^nd  specify  such  things  as 
termination  of  data  input  reading  and  execution  of  a case  with  the  data  currently 
available,  termination  of  the  run,  and  writing  of  an  image  of  the  data  on  hand 
for  future  reference.  Control  cards  do  not  affect  the  simulation  beyond  the 
INP1M  module. 

1.4  TRAJECTORY  GENERATION  FEATURES  AND 

CAPABILITIES 

1.4.1  Three  or  Six  Degree  of  Freedom  Simulations 


The  term  3D  (three  degrees  of  freedom)  is  used  loosely  to 
describe  a simulation  in  which  the  total  moments  about  the  center  of  mass  of 
the  vehicle  always  sum  to  zero.  This  then  leads  to  zero  angular  acceleration 
about  the  vehicle  center  of  mass.  Conversely,  the  term  6D  (six  degrees  of 
freedom)  is  used  to  describe  a simulation  that  is  not  subject  to  the  constraint 
that  total  body  moments  sum  to  zero. 

A 6D  simulation  always  imposes  a greater  computational  load 
than  a comparable  3D  simulation.  This,  of  course,  implies  that  there  are 
greater  core  requirements  for  a 6D  simulation  capability  than  for  the  simpler 
3D.  The  6D  capability  adds  complexities  to  the  TRP  modules  CONTM,  PROPM, 
and  RMOTM.  As  a matter  of  fact,  CONTM  owes  its  existence  to  the  6D  capa- 
bility, for  it  performs  only  trivial  functions  during  3D  simulations. 
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PROPM  is  complicated  by  the  60  capability  requirement 
because  the  thrust  moments  are  computed  from  thrust  vector  and  attitude 
control  commands  from  CONTM.  RMOTM  becomes  more  complicated  because 
of  angular  acceleration  computations. 

In  the  6D  application,  the  guidance  commands  are  generated  so 
as  to  be  acceptable  to  the  control  equations  in  CONTM.  In  the  3D  application, 
the  guidance  modules  (including  OLSTM)  issue  commands  that  directly  inter- 
face with  RMOTM.  Thus  the  data  flow  between  guidance  and  TRP  dynamic 
modules  differs  somewhat  for  3D  and  for  6D  simulations.  The  6D  flow  is 
such  that  the  guidance  and  control  interface  it.  "real -world"  to  a greater 
extent  than  is  the  3D  option;  the  guidance  commands  are  generated  in  the 
units  required  by  the  control  equations,  at  a frequency  specified  by  the  user 
or  automatically  controlled  through  the  programmed  guidance  equations.  The 
3D  interface  is  less  complicated  because  the  guidance  commands  are  generally 
issued  in  the  form  of  rate  or  angle  commands.  The  rate  commands  must  be 
issued  with  respect  to  the  body  roll,  pitch,  and  yaw  axes;  whereas  the  angle 
commands  must  be  referenced  to  some  inertial  coordinate  frame  established 
at  the  start  of  the  simulation  (Sec.  3). 

Regardless  of  the  type  of  simulation  required  (3D  or  6D),  the 
TRP  system  sequencing  logic  remains  the  same.  Only  the  amount  and  the 
kinds  of  computation  are  affected.  It  naturally  follows  that  the  implementation 
of  the  3D  or  6D  option  is  accomplished  by  specifying  certain  models,  primarily 
those  in  guidance  modules  that  specify  internally  the  value  of  the  Guidance 
Command  Flag  (GCF).  This  parameter  identifies  the  type  of  guidance  com- 
mands being  issued  to  all  dynamic  modules.  The  flag  is  set  to  a unique  value 
for  each  type  of  steering  command  that  may  be  issued  by  DPG1M,  DPG2M  or 
OLSTM.  A value  of  zero  assigned  to  GCF  identifies  6D  by  virtue  of  the  fact 
that  commands  are  being  issued  directly  to  CONTM.  Several  values  are 
assigned  to  GCF  for  the  3D  option  in  order  to  accommodate  rate  and  angle 
commands.  The  model  selection  process  permits  switching  between  the  3D 
and  6D  options  at  any  event. 
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The  basic  TRP  system  always  provides  an  immediate  3D 
capability  through  OLSTM,  but  a 6D  capability  always  implies  knowledge  of 
the  vehicle  control  system  and,  generally,  a considerable  knowledge  of  the 
vehicle's  guidance  system.  In  essence,  a full  6D  capability  does  not  exist 
from  vehicle  to  vehicle  and,  in  the  final  analysis,  it  must  be  created  some- 
what on  an  individual  vehicle  basis.  Thus,  the  3D  capability  always  exists 
in  the  program  (from  vehicle  to  vehicle),  but  the  6D  capability  must  be  gener- 
ated by  adding  models  to  CONTM  and  DPG1M  or  DPG2M,  which  are  vehicle - 
dependent. 

1.4.2  Integration  Features 

The  TRP  system  has  been  designed  so  it  is  not  constrained 
by  a particular  integration  technique  or  routine.  Integrations  are  con- 
trolled by  INTXM  using  the  most  appropriate  integration  techniques 
available. 

Great  variations  in  missior  orofile,  accuracy  requirement, 
speed  of  computation,  computer  storage,  a-  . many  other  factors  affect  the 
selection  of  an  integration  technique  and  its  mechanization.  Unfortunately, 
nearly  all  integration  techniques  are  mechanized  as  closed  subroutines,  are 
quite  general,  and  are  not  designed  specifically  for  the  trajectory  simulation 
problem.  Historically,  therefore,  the  existence  of  integration  routines  has 
forced  the  simulation  designer  to  conform  to  the  integration  routine  interface; 
whereas,  ideally,  the  integration  routine  used  in  the  simulation  program 
should  be  designed  to  conform  to  the  major  program  interfaces. 

The  TRP  design  and  mechanization  provide  a set  of  module 
interfaces  from  which  a wide  variety  of  integration  mechanizations  are  easily 
incorporated,  including  very  special  purpose,  TRP-oriented  integration 
mechanizations.  The  TRP  mechanization  (with  respect  to  integration  features) 
has  been  influenced  largely  by  the  assortment  of  simulation  problems  that 
would  normally  be  encountered  (ballistic,  powered  flight,  or  orbiting  missions); 
none  of  these  would  be  of  prolonged  duration. 
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To  accommodate  the  primary  stated  requirements  plus  speed. 


flexibility,  accuracy,  and  storage,  mechanization  involving  the  Runge-Kutta 
technique  was  selected  for  primary  usage.  The  mechanization  is  single- 
precision, fourth-order  and  will  be  referred  to  as  fourth-order  RK. 

Two  second-order  methods  are  also  available;  they  can  be  used 
independently  or  in  conjunction  with  fourth-order  RK.  These  methods  are 
known  as  the  Improved  Euler  and  the  Euler/Cauchy  methods.  Trapezoidal 
integration  (first-order)  is  available  and  is  generally  used  for  auxiliary  (not 
in-line)  variables.  A variable-step,  var:able -order  method  is  available. 

The  description  of  INTXM  (Sec.  2.8)  explains  in  greater 
detail  the  workings  of  these  integration  techniques. 


1.4.3  Auxiliary  Computations 

Variables  that  are  computed  primarily  for  information  are 
classified  as  auxiliary  variables  in  the  TRP  system.  It  is  important  to 
I recognize  how  these  auxiliary  items  are  computed  and  to  understand  the 

i computational  philosophy. 

I Auxiliary  computations  are  by  definition  linked  to  the  output 

j information  process;  only  when  the  information  function  is  executed  is  there 

i a need  for  auxiliary  computations.  Thus  there  must  be  a decision  process  to 

' ascertain  the  simulation  times  at  which  this  information  function  is  to  be 

i 

performed.  Affirmation  that  the  information  function  is  to  be  performed  then 

j 

sets  in  motion  the  auxiliary  computational  machinery. 

The  TRP  system  is  similar  to  many  other  simulation  programs 
in  that  auxiliary  computations  are  triggered  in  the  performance  of  the  normal 
information  function,  but  it  is  unlike  many  others  m that  each  applicable 
module  contains  its  own  auxiliary  computational  capability.  All  auxiliary 
variables,  and  the  computations  thereof,  are  localized  on  a module  basis; 
consequently,  the  variables  involved  are  physically  and  functionally  related 
to  the  module  in  which  they  are  found. 


1-23 


When  the  process  of  auxiliary  computation  takes  place,  the 
Information  Executive  module  (INFXM)  executes  a Service  module  (SERVM) 
routine  (AUXF)  that  executes  in  order  all  subroutines  responsible  for  com- 
puting auxiliary  variables. 

Auxiliary  functions  are  often  added  to  a program  on  a special 
purpose  basis.  Over  a long  period  of  time,  a considerable  number  of  these 
functions  (of  no  interest  to  the  current  program  user)  accumulate.  A 
methodology  like  that  used  in  the  TRP  system  facilitates  program  retrench- 
ment to  a preceding  state,  partially  or  entirely. 

On  many  occasions,  an  auxiliary  variable  must  be  used  on  a 
main  loop  basis  for  functions  such  as  steering,  table  argument,  event  deter- 
mination, or  as  PFRP  observations.  For  example,  the  magnitude  of  the 
inertial  velocity  vector  (VMI)  is  not  required  for  main  loop  dynamic  computa- 
tions, so  it  is  classed  as  an  auxiliary  variable.  However,  it  is  not  unusual 
to  specify  a criterion  for  event  determination  that  requires  VMI  to  be  specified 
as  the  event  determination  variable.  Making  this  variable  automatically 
available  to  the  main  loop  is  an  important  TRP  feature. 

1.4.4  Generalized  Event  Determination 

The  TRP  system  is  always  capable  of  event  determination 
through  the  models  described  in  TGOEM.  This  capability  is  always  called 
directly  through  input,  so  event  determination  in  this  manner  is  said  to  be 
externally  controlled.  The  versatility  and  generality  of  the  event  determina- 
tion models  in  TGOEM  afford  the  user  a very  powerful  event  determination 
capability.  A complete  description  of  the  externally  controlled  event  deter- 
mination capability  is  given  in  Sec.  2.  13.  Mission  profile  specification  is 
discussed  in  detail  in  Sec.  1 . 2. 

Events  can  be  determined  through  internally  programmed 
guidance  laws  and  by  other  equations  not  directly  specified  via  input. 
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Specifically,  event  determination,  through  techniques  not  mechanized  within 
TGGEM,  is  said  to  be  internally  controlled. 

The  occurrence  of  an  event  dictated  by  closed  loop  guidance 
laws  (discrete  commands)  generally  requires  the  same  procedures  for  event 
sequencing  as  those  followed  when  an  externally  controlled  event  is  encountered. 
This  involves  processing  input  data  and  sequencing  through  the  t~,  fc^,  and  t+ 
times  of  an  event. 

Other  situations  that  develop  in  a vehicle  simulation  are 
analogous  to  events;  a discontinuity  is  encountered,  but  no  new  data  must  be 
entered  into  the  program  at  the  point  of  discontinuity.  Such  an  encounter  is 
called  a pseudo  event  and  is  distinguished  from  other  events  because  no  input 
data  or  ESN  are  associated  with  it.  For  example,  suppose  that  a step  function 
table  of  vehicle  pitch  rates  is  given  as  a function  of  time.  At  each  point  at 
which  the  rate  changes,  there  is  a discontinuity  in  pitch  rate,  which  can  be 
treated  as  an  event  through  internally  controlled  procedures.  The  sequencing 
is  exactly  the  same  as  for  normal  events,  but  no  data  is  expected  from  the 
BUCKET.  The  complete  interfacing  for  pseudo  events  is  through  communica- 
tion to  TGOEM  from  DPGXM  and  INTXM.  The  net  result  is  that  the  pseudo 
event  is  sequenced  just  like  any  other  event,  except  that  no  input  is  obtained 
from  the  BUCKET  and  the  ESNs  remain  undisturbed. 


1.4.5 


Multiple  Vehicle  Simulations 


A multiple  vehicle  simulation  capability  adds  complexity  to  the 
TRP  system,  just  as  it  would  to  any  vehicle  simulation  program.  It  is  signi- 
ficant that  the  philosophy  used  in  the  TRP  system  localizes  these  added  com- 
plexities into  the  Executive  module  TSPXM  and  the  Input  Processing  modules 
INP1M  and  INP2M.  All  TRP  system  modules  controlled  by  the  Trajectory 
Simulation  Executive  TSPXM  (Fig.  1-1)  are  thus  completely  divorced  from 
the  multiple  vehicle  simulation  problem;  in  these  modules  absolutely  no  internal 
distinctions  are  made  between  single  and  multiple  vehicle  simulations. 

In  the  multiple  vehicle  simulation  method,  entire  input  and 
output  sections  of  modules  are  treated  as  entities  that  must  be  preserved 


when  TRP  cycles  from  one  vehicle  simulation  to  another.  A block  of  storage 
external  to  the  TRP  modules  is  assigned  internally  for  each  secondary  vehicle 
simulation;  this  storage  block  is  known  as  the  multiple  vehicle  core  data 
reservoir.  This  approach  requires  that  data  processing  routines  transport 
module  data  to  and  from  the  core  reservoir  in  accordance  with  multiple 
vehicle  simulation  sequencing. 

A very  small  time  penalty,  and  a somewhat  large  storage 
penalty,  are  attached  to  the  performance  of  multiple  vehicle  simulations,  but 
the  following  profound  advantages  more  than  outweight  them: 

• The  method  required  to  implement  multiple  vehicle 
simulations  is  simple  and  straightforward  because 
it  is  localized  in  a few  modules. 

• Core  storage  is  the  only  absolute  constraint  because 
all  the  sophistication  and  capability  of  the  TRP  system 
are  available  in  each  vehicle  simulation. 

• Simulation  data  pertinent  to  the  vehicle  being  simulated 
are  always  in  the  actual  input/ output  section  of  the  TRP 
modules  during  vehicle  simulation. 

In  TRP  multiple  vehicle  simulations,  a particular  vehicle  is 
specified  as  the  primary  vehicle.  As  such,  it  becomes  the  prime  reference 
vehicle  for  starting  multiple  vehicle  simulation  sequencing,  as  well  as  for 
leading  the  simulation. 

Some  simulation  applications  call  for  a multiple  vehicle  simu- 
lation to  start  at  some  point  after  the  start  of  a single  vehicle  simulation, 
e.g.,  a ballistic  missile  with  multiple  reentry  vehicles.  In  this  case,  a 
single  vehicle  would  be  simulated  until  the  reentry  vehicles  separated;  at 
this  point,  one  reentry  vehicle  would  remain  the  primary  vehicle  and  the 
others  would  become  secondary  vehicles. 

All  vehicles  except  the  primary  are  called  secondary  vehicles. 
The  total  number  permitted  is  generally  dictated  by  core  storage  constraints; 
otherwise  the  maximum  number  of  vehicles  (including  the  primary)  is  nine. 

Secondary  vehicle  simulations  need  not  start  simultaneously. 

A secondary  vehicle  is  initiated  when  the  primary  vehicle  reaches  an  ESN 
that  matches  the  first  ESN  of  a secondary  vehicle.  The  assignment  of  ESNs 
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to  secondary  vehicle  mission  profiles  is  not  otherwise  constrained  by  any 
ESNs  assigned  to  the  primary  vehicle.  However,  for  the  sake  of  convenience 
and  identification,  similar  mission  profiles  should  have  corresponding  ESUs. 

1.4.6  Arbitrary  Origin 

Program  users  can  present  initial  conditions  to  a simulation 
program  in  many  ways.  A simulation  starting  with  initial  conditions  that 
describe  a launch  pad  universally  accepts  latitude,  longitude,  altitude,  and 
environmental  model  constants  from  which  the  initial  velocity,  position, 
altitude,  and  attitude  rate  states  of  the  vehicle  can  be  determined.  Alterna- 
tively, it  is  often  necessary  to  start  with  direct  inputs  describing  the  total 
initial  state  vector  of  the  vehicle  at  the  start  of  the  simulation.  This  is 
referred  to  as  starting  a simulation  from  an  arbitrary  origin. 

The  set  of  initial  conditions  commonly  used  in  an  arbitrary 
origin  start  for  point  mass  simulations  is  the  velocity  and  position  vectors 
in  some  coordinate  frame.  If  nonzero  attitude  and  attitude  rate  (or  body 
rates)  exist,  they  can  also  be  supplied. 

The  initial  conditions  that  can  be  used  to  start  a simulation 
are  restricted  only  by  the  initialization  models  available  in  TMOTM  and 
RMOTM.  In  the  final  analysis,  initial  conditions  presented  to  the  TRP  system 
must  be  transformed  into  initial  conditions  for  the  programmed  equations  of 
motion.  The  discussion  of  the  RMOTM  and  TMOTM  modules  (Secs.  2.23  and 
2.24)  includes  the  available  methods  for  an  arbitrary  origin  start. 

1.4.7  Generalized  Radar  Tracking 

The  function  of  generating  information  describing  the  state  of 
a vehicle  seen  from  radar  stations  is  mechanized  in  the  Tracking  module 
(TRAKM).  This  function  is  assigned  module  status  because  of  its  major 
importance  and  the  magnitude  of  the  computational  problems  involved. 
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The  tracking  capability  is  mechanized  in  such  a way  as  to 
permit  a number  of  tracking  stations  to  simultaneously  or  sequentially 
participate,  and  to  be  able  to  track  from  one  vehicle  to  another  or  from  a 
vehicle  to  landmarks. 

Note  that  this  module  can  be  used  strictly  to  generate  auxiliary 
variables  for  information  purposes,  or  it  can  be  entered  into  a guidance  and 
navigation  loop. 

The  equation  and  mechanization  details  concerning  this 
capability  are  presented  in  the  TRAKM  discussion  (Sec.  2.  14). 

1.5  PARAMETER  RECONSTRUCTION  AND  DATA 

MATCHING 

1.5.1  PFRP  Modules 

A set  of  three  modules,  collectively  called  the  Post  Flight 
Reconstruction  Processor  (PFRP),  gives  TRP  the  ability  to  perform  iterations 
to  match  specified  constraints  or  data  and  to  perform  error  analyses.  These 
modules  use  all  other  modules  collectively  (under  the  control  of  TSPXM)  as 
a black  box  to  provide  measurement  values  to  match  observed  data.  A com- 
plete discussion  of  PFRP  is  given  in  Sec.  5.1.4. 

Measurement  models  are  mathematical  representations  of 
some  physical  process,  whether  it  be  the  flight  of  a missile,  a vehicle  sub- 
system, or  any  other  process  that  can  be  mathematically  formulated.  The 
module  PFRPM  iteratively  solves  a set  of  nonlinear  equations  with  partial 
derivatives  approximated  by  finite  differences  generated  by  perturbation 
techniques.  The  Iteration  Information  module  (ITIFM)  performs  the  calcula- 
tions of  the  partials  and  residuals,  and  the  Iteration  Control  module  (ITERM) 
generates  the  necessary  trajectories  for  these  functions. 
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Any  parameter  that  can  be  input  to  TRP  can  be  used  as  an 
independent  parameter  in  an  iteration,  whether  it  be  a value  in  a table,  the 
value  of  an  event  initiation,  or  a constant  used  in  a measurement  function 
model.  An  a priori  covariance  matrix,  bounds  on  parameter  displacements, 
and  perturbation  increments  to  be  used  for  computing  observation  partials 
are  additional  inputs  that  are  customarily  made.  The  number  of  such 
parameters  (reconstruction  parameters)  that  can  be  estimated  is  currently 
limited  to  75. 

Any  variable  computed  by  TRP  can  be  used  as  a measurement 
to  be  matched  against  observational  data.  Observations  may  be  input  either 
by  cards  in  tabular  form  or  by  formatted  tapes  generated  by  an  auxiliary 
external  program,  and  may  be  single  observations  or  time  histories  of 
observations.  A covariance  matrix  developed  from  the  noise  associated  with 
the  measurements  is  also  input.  This  may  be  simply  a diagonal  matrix 
assuming  independent  random  measurements  or  a matrix  with  off-diagonal 
terms  denoting  correlations  between  observations  at  a given  time  point  or 
correlations  between  successive  time  points.  A large  number  of  observations 
may  be  used,  but  time  and  storage  constraints  place  a practical  limit  upon 
TRP  of  about  4000  data  ooints. 

1.5.2  Iterative  Process 

The  PFRPM  component  of  the  TRP  system  can  be  thought  of  as 
the  unit  in  which  an  estimate  of  the  reconstruction  parameters  is  calculated 
from  the  processed  observations,  data  statistics,  partial  derivatives  of 
observations  with  respect  to  reconstruction  parameters,  and  computed 
observations.  This  part  of  the  program  commands  TRP  to  compute  a new 
set  of  measurements  based  on  the  new  estimate  of  the  reconstruction 
parameters  and,  if  necessary,  to  compute  an  updated  set  of  partial  derivatives. 

1.5.  2.1  Iteration  Equations 

The  equations  used  by  PFRPM  for  weighted  least  squares 
fitting  of  reconstruction  parameters  to  observed  data  when  a priori  informa- 
tion is  available  are  presented  in  this  section. 
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Let  a vector  of  observations  be  available  such  that 


) 


y = f(r)  + n 


(1-1) 


where 

y = vector  of  observations 

F = vector  of  reconstruction  parameters 

n = vector  of  zero  mean  Gaussian  noise  with  covariance 
matrix  - E(nn'  ) 

f(T)  = vector  of  observations  with  no  noise  present 

and  let  a nominal  value  of  F,  namely  along  with  its  a priori  covariance 
matrix  £q  be  available.  PFRP  then  determines  an  estimate  of  T that 
minimizes  the  weighted  sum  of  squares,  the  cost  function 

Q(D  = [y  - f(r)]T£“n1[y  - f(D]  + [ r - r0]T^-1[r  . rQ]  (1-2) 


This  estimate,  under  a Gaussian  noise  assumption,  is  a maximum  likelihood 
estimate  even  though  no  nonlinearities  are  present. 

Since  no  closed  form  solution  exists  for  the  value  of  T,  which 
minimizes  Eq.  (1-2),  the  minimizing  value  can  be  determined  by  iteration 
using  the  equation 

rk+l  = rk  + (^0  +Ak  ^n  \) 

(1-3) 


K^n[v  - f(rk)]  -r"> 


,-l 

'0 


where 

til 

Fk  = k estimate  of  the  minimizing  vector 

A,  = matrix  of  partials  of  f(T)  with  respect  to  F 
evaluated  at  by  perturbation  methods 

= weighted  error  vector  |aT  £“*[y  - KF^)]  -^o^rk  “ *V 
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As  approaches  the  minimizing  vector,  approaches  zero. 

The  indicated  inverse  in  Eq.  (i-3)  is  the  estimate  of  the 
covariance  matrix  of  the  error  in  the  parameters,  , which  is  restated  as 
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The  correction  vector,  approaches  zero  as  the  weighted  error  approaches 
zero 


= (Sr) 


(1-5) 


Equation  ( 1 -3)  may  now  be  restated  using  Eq.  (1-5);  Eq.  (1-6) 
is  the  basic  equation  for  the  iteration  process 


rk+l  = rk  + Vk 


(1-6) 


The  predicted  value  of  the  cost  function,  from  Eq.  (1  -6),  is  computed  as 


Qk+i  = Qr  ' 7kYk 
k 


(1-7) 


This  equation  is  used  in  a linearity  test.  (Sec.  1.  5.  2.  3). 

1 . 5 . 2 . 2 Major  and  Minor  Cycle s 

When  partial  derivatives  are  approximated  by  finite  difference 
quotients,  P+1  function  evaluations  must  be  simulated  each  time  the  partials 
are  recomputed.  To  avoid  this  cost,  iterations  are  sometimes  made  with 
Eq.  (1-3)  without  reevaluating  the  partials.  This  method  of  iteration  is  called 
a minor  cycle.  (A  major  cycle  is  an  iteration  involving  a reevaluation  of 


1 -31 


partials.)  Tests  are  necessary  to  determine  whether  a cycle  should  be 
major  or  minor. 


1.5. 2. 3 Tests 


When  major  and  minor  cycles  are  used  as  part  of  an  iteration 
scheme,  tests  are  necessary  to  determine  whether  a cycle  should  be  major  or 
minor.  A criterion  for  convergence  is  also  implemented  in  PFRP. 

For  example,  suppose  a major  cycle  has  just  been  completed. 

If  the  partials  that  were  calculated  are  to  be  used  for  a minor  cycle,  f(T) 
should  be  linear  in  the  neighborhood  of  the  preceding  estimate.  If  f(T)  is 
approximately  linear,  the  new  cost  function  Qfr^j)  from  Eq.  (1-2)  should 
approximately  equal  the  predicted  cost,  function  [Eq.  (1-7)] 


Q(rk+1)  ~ Qk+1 


Therefore,  a linearity  test  is  performed. 


lQ*+i  -Q'ru+l>l  .. 

Q‘rk+i>  ' 3 


Whenever  this  test  is  failed  a major  cycle  is  made.  Unless  the  iterations  have 
converged,  a minor  cycle  must  result  in  a decrease  in  the  cost  function.  To 
ensure  this,  an  improvement  test  (where  k refers  to  a minor  cycle)  is  made. 


Q‘rk>  -Q(rw 
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If  this  test  is  passed  another  minor  cycle  is  made.  If  the  test  fails  a major 
cycle  is  performed  using  the  best  of  the  last  two  minor  cycles. 

After  every  major  loop  a test  is  performed  to  determine  if  the 
iteration  has  converged.  One  test  is  as  follows:  Let  ^ be  the  change 
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in  the  reconstruction  parameter  after  the  major  cycle  iteration  and 

th 

let  <r  . , .be  the  square  root  of  the  i diagonal  element  in  the  corresponding 

1 ;K"  1 

covariance  matrix  of  the  estimation  errors  in  the  reconstruction  parameters. 
Under  these  definitions  the  convergence  test  is 


Yf  I.  i 

-1’-- - < (for  all  i = 1,  •••,  P) 
o" . i j X 

i,k-l 


(1-8) 


where  P equals  the  number  of  reconstruction  parameters. 

The  reasoning  behind  this  test  is  as  follows:  It  has  previously 
been  shown  that  the  vector 

\ = (Eo1  + AkE;‘Ak)'‘  jAkE;‘[y  - «rk)]  +£o‘<r0  - rk) 

approaches  zero  as  approaches  the  value  that  minimizes  the  cost  function 


q = [y  - f(r)]T£t;1  [y  - f(D]  + [r  - r0]TE01[  r - rQ] 

Since  the  components  of  are  mixed  quantities,  it  is  necessary  to  have  the 
term  "approaching  zero"  defined  in  some  normalized  sense.  Also,  if  the 
square  roots  of  the  diagonal  elements  of  [Eq.  (1-4)]  are  to  retain  the  inter- 
pretation of  estimates  of  the  standard  deviations  of  the  estimation  errors,  it 
is  necessary  that  the  parameters  not  be  considered  converged  unless  their 
changes,  as  a result  of  a major  cycle  iteration,  are  all  small  relative  to  the 
estimation  sigmas.  This  convergence  test  satisfies  both  of  these  conditions. 


T v*  - lr 
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Measures  of  Approximation 


An  important  consideration  in  any  iterative  process  is  the 
examination  of  the  measures  of  approximation.  Stated  in  other  terms,  the 
quality  of  the  fit  of  the  model  to  the  data  should  be  evaluated.  Several  mea- 
sures in  TRP  are  computed  and  displayed  for  this  purpose. 
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Since  the  iterative  process  of  PFRP  is  designed  to  minimize 
the  weighted  sum  of  squares  Q (the  cost  function),  the  value  of  this  computa- 
tion shows  how  well  the  process  is  converging.  The  expected  value  of  this 
function  equals  the  total  number  of  observations  plus  the  total  number  of 
parameters.  A value  of  Q approaching  this  sum  indicates  that  the  process 
may  be  converging. 

The  character  of  the  differences  of  the  computed  measurements 
and  the  observed  data  is  also  a measure  of  the  quality  of  the  fit  to  the  data.  A 
random  set  of  residuals  with  small  mean  and  no  significant  patterns  is  usually 
a good  sign  of  convergence.  These  characteristics  are  displayed  in  TRP  by  a 
printer  plot  of  the  residuals  plus  the  calculation  and  display  of  the  mean  and 
standard  deviation  of  the  residuals.  A more  precise  display  may  be  obtained 
by  the  use  of  the  pen  plotters  in  lieu  of  a printer  plot,  but  usually  with  a 
significant  delay  in  turnaround  time. 

A convergence  test  was  derived  in  a previous  section  [Eq.(l-8)]. 
The  individual  components  of  the  test  are  printed  and  show  how  well  individual 
parameters  are  converging. 

To  summarize,  the  quality  of  the  fit  to  the  data  can  be  assumed 
to  be  valid  if  the  value  of  the  cost  function  has  reached  a minimum,  the  resi- 
duals of  the  measurements  exhibit  no  significant  trends  or  patterns,  and  the 
changes  in  the  estimated  parameters  do  not  exceed  an  a priori  standard  devia- 
tion from  the  a priori  best  estimates  of  the  parameters.  If  any  of  the  above 
indicators  do  not  hold,  there  is  a good  chance  that  modeling  errors  have  been 
made,  either  in  the  function  generations  or  in  the  measurement  models. 

1.6  ERROR  ANALYSIS 

1.6.1  Covariance  Matrices 

The  matrix 
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is  the  a posteriori  covariance  matrix  of  the  P parameters,  with  the  variances 
on  the  diagonal  and  covariances  off  the  diagonal.  This  matrix  forms  the  basis 
for  all  error  analysis  calculations  made  in  PFRPM.  The  square  roots  of  the 
variances  yield  the  standard  deviations,  which  can  be  construed  as  the  accuracy 
to  which  the  parameters  can  be  estimated,  and  the  off-diagonal  elements  are 
used  to  compute  the  correlation  coefficients  between  the  parameters. 

A dependent  variable  covariance  matrix  can  be  computed,  pro- 
vided that  the  partials  of  these  variables  with  respect  to  the  reconstruction 
parameters  are  known.  The  partials  (3V/3F)  are  computed  by  ITIFM,  with 
the  weighting  matrix  usually  input  as  zero.  The  matrix  is  computed  as 

This  is  a standard  transformation  matrix,  which  may  be  used  for  coordinate 
system  transformations  or  for  propagating  a state  vector  in  time. 

1 . 6.  2 Modeled  and  Unmodeled  Parameters 

For  covariance  matrix  purposes,  unmodeled  vehicle  or 
measurement  parameters  (Q  parameters)  may  be  used.  The  reconstruction 
parameters  are  called  the  P parameters  and  are  estimated  to  derive  mea- 
surement matches.  The  Q parameter  differs  from  the  P parameter  in  that 
the  Q parameter  does  not  affect  the  fit  to  the  measurements,  only  the  covari- 
ance matrices.  The  advantage  of  a Q parameter  is  that  it  may  be  used  to 
determine  the  effect  of  uncertainties  in  its  value  without  affecting  the  fitting 
process.  These  include  highly  correlated  parameters  that  might  blow  up  a 
solution  if  estimated,  or  they  may  include  weakly  observable  parameters. 

The  matrix  equation  for  the  independent  variable  covariance 
matrix  with  Q parameter  effects  is 

£6r  =£r+(f?)£Y(^)T 
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I?  = “E  ATr_iB 

3X  Lu  r n 

B is?  a matrix  of  observation  partials  with  respect  to  Q parameters,  and 
3y/3X  equals  the  partials  of  the  P parameters  with  respect  to  the  Q 
parameters. 

The  matrix  equation  for  the  dependent  variable  covariance 
matrix  with  Q parameter  effects  is 

Evq  =Lv  + OV/8Q)£xOV/3Q)T 

where 

3V 

— = partials  of  V dependent  variables  with  respect 
c to  Q parameters  from  CVRT  table  specifications 

Ex  = input  upper  triangular  a priori  covariance  matrix 
for  Q parameters 

dV  _ computed  partials  of  V variables  with  respect  to 
dQ  Q parameters,  or 

/3V  . 3V  3\\ 

\3X  3F  3 X/ 

1.6.3  Value  of  Acquired  Data  and  Experimental  Improvement 

The  independent  variable  covariance  matrix  that  restilts  from 
a TRP  error  analysis  may  be  processed  and  transformed  to  give  the  user  an 
idea  of  the  value  of  acquired  data  or  to  measure  the  improvement  in  an  exper 
ment  resulting  from  its  use.  The  square  roots  of  the  diagonals  of  the  covari 
ance  matrix  indicate  the  accuracies  to  which  parameters  may  be  estimated. 
The  correlation  coefficients,  which  are  computed  from  the  off-diagonal  ele- 
ments, indicate  how  the  parameters  of  the  model  are  related. 
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The  a priori  covariance  matrix  is  a statement  of  what  is  known 
about  a model  or  process  before  an  estimation  procedure  is  begun.  The 
a posteriori  covariance  matrix  shows  the  information  gleaned  from  the  use  of 
measurements  of  the  process.  The  degree  of  reduction  of  the  diagonals  of 
the  matrix  give  a measure  of  the  worth  of  the  acquired  data  and  the  amount  by 
which  an  experiment  was  improved. 

The  transformation  of  the  a posteriori  independent  parameter 
covariance  matrix  to  other  coordinate  systems  or  to  other  time  points  is  also 
a means  of  evaluating  the  worth  of  acquired  data.  Coordinate  systems  of 
interest,  even  the  measurement  coordinate  system,  may  be  used.  Elements 
of  these  covariance  matrices  may  be  used  as  the  basis  for  CEP  (circular 
error  probability)  for  two-dimensional  vectors  or  as  a basis  for  SEP 
(spherical  error  probability)  for  three-dimensional  vectors.  Additional  out- 
put for  CEP  and  SEP  calculations  includes  the  angles  of  rotation  necessary  to 
diagonalize  these  elements  of  the  covariance  matrix  and  the  length  of  the  axes. 
The  off-diagonal  elements  are  used  to  compute  the  amount  of  rotation  required 
for  diagonalization. 

1.6.4  Linearity  Assumptions 

For  the  covariance  matrices  to  be  valid  representations  of 
estimation  uncertainties,  the  property  of  linearity  must  be  maintained  be- 
cause the  iterative  equations  used  by  TRP  (and  most  other  estimation  pro- 
grams) are  first  order.  Therefore  the  fit  to  the  observations  must  have 
forced  the  reconstruction  parameters  into  a region  of  linearity.  This 
normally  follows  as  a result  of  the  iterative  process,  but  two  things  may 
interfere.  The  first,  modeling  errors  of  the  measurements  or  parameters, 
may  be  corrected  by  the  addition  of  uncertainties  due  to  unmodeled  or 
unestimated  (Q)  parameters.  The  presence  of  modeling  errors  may  be 
detected  by  patterns  in  the  residuals,  which  should  exhibit  only  a random, 
unbiased  appearance.  The  second  cause  of  nonlinearity  is  the  generation  of 
numerical  partials  using  too  small  or  too  large  a perturbation  increment. 

The  region  of  linearity  may  be  checked  by  overlaying  plots  of  various  sizes 
of  perturbation  increments. 
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MAJOR  OBSERVATION  DATA  TYPES 


The  major  observational  data  types  that  may  be  generated  or 
used  in  the  reconstruction  process  are  listed  below.  Literally  any  output  of 
TRP  may  be  used  as  an  observation  variable;  these  were  tabulated  only  for 
the  user's  convenience. 

Standard  radar  station  range,  azimuth,  and  elevation 
plus  rates 

Rectangular  U,  V,W  radar  position  from  a ground  station 
Multipath  time  delay 

Multipath  doppler  and  integrated  doppler 
Multipath  interference  data 

Over-the-horizon  backscatter  range  and  range  rate 
Dopple  r 

Time  of  arrival 

Time  difference  of  arrival  from  a single  emitter  or 
an  emitter  pair 

Double  time  difference  of  arrival 

X,  Y angles  using  either  north-south  or  east-west  keyholes 
Radar  look  angles  in  pitch,  yaw,  and  roll  planes 
Interferometer  p,  q,  p,  and  q from  L or  X arrays 
Range  differences  and  sums  from  ground  stations  or  vehicles 
Vehicle -to -vehicle  radar  range,  azimuth,  and  elevation  plus  rates 
Vehicle -to -ground  range,  azimuth,  and  elevation 
Observed  optical  intensity  along  LOS  (line  of  sight) 

Body-mounted  accelerometer  with  acceleration  and  velocity 
Inertial  platform  sensed  velocity  meters 
Gimbal  angles  and  rates 
Inertial  body  angular  rates 

Ballistic  impact  range,  latitude,  longitude,  and  time 
Altitude,  ft,  m,  or  nmi 

Atmospheric  and  aerodynamic  properties  (e.g.,  pressure 
and  temperature) 
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Mach  1 bump  time  and  maximum  acceleration  time 
Geomagnetic  field  orientation 

Gravitational  components  in  downrange,  crossrange, 
and  vertical  coordinates 

Downrange,  crossrange,  and  vertical  position,  velocity 
and  acceleration 

Engine  gimbal  deflection  angles 

Angle  of  arrival 

Radar  frequency  model  as  a polynomial  in  azimuth  and 
elevation 

Inertial  position,  velocity,  and  acceleration 
Topocentric  right  ascension  and  declination 


SECTION  2 


YEOMAN 


The  YEOMAN  system  generates  an  absolute  TRP  program  con- 
figuration, which  is  specified  by  a TRP  model  requirement  (REO/NREO)  input 
deck  (Fig.  2-1).  Program  YEOMAN,  which  is  an  integral  part  of  the  YEOMAN 
system,  interrogates  each  relocatable  binary  deck  to  obtain  the  external 
requirements  of  each  deck.  This  information  is  retained  as  a directory,  which 
is  written  as  the  first  logical  record  on  the  TRP  relocatable  binary  library 
file. 

Program  YEOM  replaces  or  extends  the  external  requirement 
information  of  the  library  file  with  modified  requirements  (determined  by 
examining  newly  compiled  decks  on  the  LGO  file).  It  also  outputs  a TRP  pro- 
gram configuration  by  reading  the  REQ/NREQ  input  deck  and  determining 
which  external  (subroutine  and  labeled  common)  requirements  must  be  output 
to  satisfy  the  external  requirements  of  the  models  selected  by  the  REQ/NREQ 
input  deck.  Modified  decks  (decks  on  file  LGO)  replace  existing  decks  on  the 
library  file  in  the  final  TRP  configuration  to  be  loaded. 

Program  YEOM  generates  a library  file  dictated  by  the  LIBR 
inputs  in  the  REQ/NREQ  input  deck.  The  library  decks  are  merged  with  the 
TRPC  file  in  the  required  overlays.  It  can  also  generate  a new  TRP  binary 
library  file  by  meiging  the  old  binary  file  with  the  decks  on  the  LGO  file.  A 
TRP  binary  library  may  be  generated  without  an  old  binary  file  by  compiling 
all  TRP  decks  on  file  LGO. 

Flow  charts  for  the  YEOMAN  program  are  shown  in  Sec.  2.  1, 
and  the  equations  are  inSec.  2.2.  Inputs  and  outputs  are  in  Secs.  2.  3 and  2.4, 
respectively.  Symbols  used  in  the  flow  charts  are  the  mnemonics  used  in  the 
program. 
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YEOMAN  Flow  Charts 


Program 

YEOM 


Obtain  tape  parameter  number  1 
IC  = IFIND(IFIND(2)) 


Interrogate  each  character  of  IC 
ICi 


YEOM 


YEOM 


Set  "debug  print  flag" 
PRINTP  - 1 


Print  BCD  COMPILE  file 
CALL  PRCOMP(lH  ) 


Set  "ignore  LGO  error  flag" 
IERST  - 1 


Print  BCD  COMPILE  fibT 
{8  lines/inch) 

CALL  PRCOMP(IHT) 


Is  2nd  tape  parameter  set  to 
generate  a new  binary  file 
IFIND(IFIND{3))  = 6LNEWBL 


Set  new  binary  tape  flag 
NBTAPE - 1 


Set  print  flag 
PRINTP  - 2 


YEOM 


YEOM 


YEOM 


Has  relocatable  binary  file  been  loaded 
BTAPE  * 0 


Read  directory  from  the  master  binary  file 
CALL  RDIR 


Has  LGO  file  been  written 

LG OF  i 0 

YES  | NO 

Interrogate  subroutines  on  the  LGO  file  for 
external  subroutines  and  'COMMON*  requirements 
CALL  BUILD(3LLGO) 


Has  the  ignore  error  flag  been  input 

IERST  = 1 

NO  I YES 


Have  any  errors  been 
encountered  on  LGO  file 


PRINT  - ABORTING**ERRORS  ON  LGO  FILE 
s CALL  MXCALL(3RABT,  0) 

Set  number  of  subroutines  found  on  the  LGO  file 
NLP  - NDICT-NBD 

/ Merge  LGO  directory  information  with  ' 
directory  information  from  the  master  binary 
\ CALL  UPDIR / 

/^Read  TRP  REQ/NREQD  input  deck,  and  using  \ 
the  directory  requirements,  mark  all  decks 
y that  have  to  be  loaded 

\ CALL  MARKDEK  / 


uiSSagAftil  f i4 1*  tftlx 


YEOM 


YEOM 


C 


Is  a new  binary  file  to  be  generated 

NBTAPE  / 0 

NO  1 YES 


Write  directory  for  the  new  file 
CALL  WDIR 


Are  all  decks  on  the  LGO  file 
and  is  a new  binary  file 
being  generated 
NBTAPE  = 1 and  BTAPE  = 0 


Are  all  decks  on  the  binary  file 
and  is  print  flag  set 
LGOF  = 0 and  PRINTP  = 1 


Print  TRP  cross  reference  map 
CALL  XREF 


Rewind  LGO  file 


Merge  the  final  TRP  program  (TRPC) 
and/or  the  new  relocatable  binary  file  (NEWBL) 
CALL  MERGDEK 


Was  file  TRPC  generated 
NMVS / 0 


Was  a new  relocatable  file  generated 
NBTAPE  t 0 


Print  CP  time  used  by  YEOM 


STOP 


. ' 


YEOM 


BUILD 
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YEOM 


BUILD 
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.....  .... 


YEOM 


BUILD 


OR  deck  name  and  requirement  count 
ITEMP(l)-  DICT(K).  OR.  J 


Save  BUCKET  pointer  for  this  deck 
BASEL(K)  ♦-  CBKT 


Is  there  enough  room  to  store  the 
requirement  array  ITEMP 
CBKT+J  < EBKT 


>rint:  DIRECTORY  BUFFEI 
DEPLETED  AT  DECI 


CALL  MXCALL(3RABT,  0) 


Move  deck  requirements  to  BUCKET 
BASE(CBKT+n-  1)  = ITEMP(n) 


Increment  BUCKET  pointer 
CBKT  <-  CBKT  + J 


Is  printout  of  deck  requirements 
wanted 

PRINTP  l 0 


Print  deck  name  and  all 
COMMON  and  SUBROUTINE  requirements 


Zero  2nd  element  of  ITEMP  array 
ITEMP(2)  - 0 


YEOM 


n=Il , 13 


25 


40 


1 

Store  CQ)MM<5N  names  into  ITEMP  array 
ITEMP(J)  - FILE(n).  AND. . NtST.  777777B 


1 


Is  requirement  BLANK  C(#MM(}N 
ITEMP(J)  = 555  5555  5555555000000B 

YES 

|no 

i 

1 

Indicate  BLANK  C0MMG5N 
ITEMP(J)  - 5 LB  LANK 

i 

» 

i 

— 



: 

_ j 

Is  current  deck  a BL0CK  DATA  deck 
FILE(2)  = ITEMP(Z)  , or, 

FILE(2).  AND.  77777777000000000000B 
= 4LBLKD 


BUILD 


YEOM 


BUILD 


FORTRAN  Deck  external  requirements 

Obtain  table  limits: 

Lower,  II  I + 1 
Upper  , 13  - I + 12-1 


n=Il , 13 
I 


31 

32 

34  i 

35 


Decode  external  requirements 
from  FORTRAN  LOADER  TABLE 
ITEMPj  - DECK 


50 


50 


n=Il , 13 


COMPASS  Deck  external  requirements 

Obtain  table  limits: 

Lower,  II  - I + 1 
Uppe  r , 13  - I + 12  - 1 


60 


Decode  external  requirements 
from  COMPASS  LOADER  TABLE 
ITEMP.  - DECK 

J 
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YEOM 


BUILD 


f Subroutine  ^ 
f LIBCHK 
uBUFF,  IN,  OUT); 


Set  binary  search  marker  to 
Primary /Secondary  mask 
MARKER  - NPSO 


Initialize  table  search 
12  - 0 , I - IN 


Set  pointer  to  next  table 

I - 1 + 12 


Has  end  of  deck  been  reached 
Is  OUT 


YEOM 


LIBCHK 


Get  table  name;ITBL 
Get  table  size , 12 


Is  table  an  external  requirement  table 
ITBL  = 44  or  45 


10  Obtain  table  limits, 
Lower  , II  - 1+1 
UDDer  , 13  - I+I2-  1 
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Subroutine 

MARKDEK 


MARKDEK 


Read  1 card  image  (8  words)  into 
array  INBUF 


Was  an  End  Of  File  encountered 

IF(EOF(5))  

NO  i YES 


1500 


Is  the  input  card  one  of  the  6 control  words 
REQ,  NREQR,  NREQE,  NREQ,  NO  MORE,  LIBR 


INBUF  = ICW(i)  


YES  NO 


Print  card  image,  FORMAT  #260 


Save  mask  for  deck  marking 
MARKER -MAR K(i) 

IB,  10B,  20B,  40B,  OB,  5B 


Save  control  word  index 
NOW  - i 


Set  flag  indicating  that  a TRP 
file  is  to  be  generated  for  loading 


YEOM 


MARKDEK 
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YEOM 


MARKDEK 
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YEOM 


MARKDEK 
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i 

i 


i 

\ 


1 


% 
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Get  pointer  to  required  deck's  requirements 
1X2  - BASEL(IXl) 

Get  number  of  requirements  for  the  deck 
1X3  - BASE{IX2).  AND.  7777B 


Does  deck  have  any  requirements 
1X3  > 1 


NO 


Get  required  deck  boundaries 
1X3  - 1X2  +1X3-1 
1X2  -1X2  + 1 


Get  subroutine  requirement 
NUMBER  - BASE(ix) 


Find  and  mark  the  deck  as  required 
CALL  BINSCM<DICT,  NDICT,  77777777777777776700B 


Was  requirement  a library  deck 
DICT(JLOC).  A.  4B)  = 0 


YES  NO 


Mark  routine  has  library  requirement 
DICT(IXl)  - DICT(IXl).  OR,  100B 


Requirements  marked  - mark  the  deck 
DICT(IXl)  - DIC  T (IX 1 ) + 1 
* note  deck  is  marked  with  a 2 and  will 
not  be  found  by  BINSCM  or  ISC  AN 
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YEOM 


MARKDEK 


All  required  decks  are  marked  at  this  point. 
Reset  marker 
MARKER  - 0 


f 

\ 


Sort  the  3 columns  of  the  directory  on  the 
3rd  column  (for  deck  order) 

CALL  SQRT(DICT,  LDICT,  3,  NDICT,  3,  7777B,  1) 


If. 


Is  a new  master  bir 
NBTA 

— 

lary  being  generated 
PE  ^ 0 

NO 

— 

YES  - 

Set  number  required  to  total 
NREQD  - NDICT 


120 


Is  the  last  deck  required  by  TRP 
DICT(NREQD).  AND.  17B  t 0 


NO 


YES 


Decrement  the  number  of  requirements 
NREQD  - NREQD  - 1 


RETURN 
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Tii  it 


YEOM 


MERGDEK 


Is  a TRP  program  file  to  be  generated 
NMVS  * 0 


YES 


NO 


Print  FORMAT  # 85400 
DISPOSITION  OF  DECKS 


Initialize: 

ICDK  - 0 
ICL  - 0 
IREDB  - 0 
IREDL  - 0 
NDEKS  - NREQD 


deck  counter 
overlay  counter 
OLDBL  read  flag 
LGO  read  flag 
H required  decks 


Was  NREQD  set  in  MARKDEK 


NREQD  j*  0 
NO 


YES 


Set  # required  equal  to  total 
NDEKS  - NDICT 
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YEOM 

MERGDEK 


z-zz 


7100  set  binary  read  size  to  8 physical  records 
LNBIN  - 10000B 

— Set  binary  read  flag  to  read 

IREDB  - 0 


Read  relocatable  deck  from  binary  library  (OLDBL) 
CALL  REDEK(5LTAPEB,  NTAPEB,  BINBF, 
LNBIN,  IREDB,  ISTTPB,  INTPB,  OUTTPB) 


Was  an  overlay  encountered 

IREDB  = 2 

NO  I YES 


Does  the  name  of  the  deck  read  equal  DECK(i) 

NTAPEB  = NAME  

NO  1 YES 


7200  Was  deck  deleted  from  OI.DBL 

IREDB  t 3 

YES  [ NO 


Print:  CANNOT  FIND  DECK 
ABORT:  CALL  MXCA LL(3RABT,  0), 


A 7400 
(7400) 

Was  this  overlay  also  encountered  on  LGO 
ICL  0 

“NO  | YES 

End  of  OVERLAY  cleanup  - print  and  merge  library 
CALL  OLPRNT(ICDK,  PICT,  DICT(NDICT+I )) 


Start  of  OVERLAY  setup 
CALL  OLPRNT(INUL,  NTAPEB,  7HOVERLAY) 


Reset  overlay  deck  counter 
ICDK  - 0 


Output  overlay  encountered  on  OLDBL 
CALL  RITDEK(5LTAPEB,  BINBF,  LNBIN, 
ISTTPB,  INTPB,  OUTTPB,  IREDB,  IRITB) 
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YEOM 

MERGDEK 


YEOM 


MERGDEK 


2-24 


fe- 





YEOM 


MERGDEK 
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Does 

Deck{i)  name  match  LGtJ  name 
NLG<S  = NAME 

YES 

NO 

YEOM 

MERGDEK 


Terminal  error: 

Piint  8530, 1DIS,  BTAPE,  IRITL,  I 
Print  8540,  {J,  DICT(J),  J = l,  NDICT) 


Abort  job 

CALL  MXCALL{3RABT,  0) 


Is  Deck(i)  required  on  file  TRPC  and/or  NEWBL 
IRITL  0 


< Output  Deck(i)  to  TRPC  and/or  NEWBL  file 

CALL  RITDEK(3LLGO,  LG0BF,  LNLGd,  ISTLGCft,  INLGCft.  <2UTLG<3.  IREDL,  IRITL) 


Was  Deck(i)  written  on  file  TRPC 
IRITL  > l 


Increment  overlay  deck  counter 
ICDK  - ICDK  + 1 
Save  deck  name  in  DICT  array 
DICT(ICDK)  - NAME 


Is  Deck(i)  also  on  the  relocatable  binary  file 
IDIS  = 3 


YEOM 


MERGDEK 


8700 


Is  Deck(i)  also  on  binary  file 

IDIS  i 2 

" YES  I NO 


Set  binary  write  flag  to  null 
IRITB  - 0 


i 1 

KV 


80000  I 


80000 


81000  / 1 

/ Clean  up  final  OVERLAY 

\CALL  OLPRNT(ICDK,  DICT,  1)ICT(NDICT+1 )) 


Clean  up  NEWBL  write 

CALL  RITDEK(5LTA  PEB,  DUM,  DUM,  DUM,  DUM,  DUM,  DUM,  DUM) 


YEOM 


MERGLIB 
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YEOM 


MERGLIB 
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YEOM 


MERGLIB 


Check  if  Library  Deck  has 
other  library  requirements 
CALL  LIBCHK(LIBBF,  l.LEN) 


Position  library  File  to  next  deck 
CALL  REED(LIBBF,  1,  1,  11,  DM, DM) 


i=l,  NLIB  _ ^ 

Do  library  decks  written  have 
other  library  requirements 
(LIBBi,  AND.  17B)  = NPSQS 


Have  any  library  decks  been 
NLB  > 0 

written 

YES 

NO 

PRINT  FORMAT  200 

PROGRAM  LIBRARY  DECKS  INSERTED 

PRINT  FORMAT  210  (NDEKSi,  i = 1 , NLB 


RETURN 


( 1 u , 


YEOM 


OLPRNT 


Subroutine 

OLPRNT 

ICD.  NDEK.IDEfO 


Any  decks  to  print 
YES  NO 


OVERLAY  card  encountered 
IDEK  = 7HOVERLA  Y 


NO  YES 


Print  deck  names  and 
sum  of  decks  in  overlay 


Execute  library  merge  for  overlay 
CALL  MERGLIB(IDEK,  NDEK) 


RETURN 


UikiL-4*  to  v?  *?.»», ,, 


YEOM 


REDEK 


f Subroutine  REDEK  ^ 
(FILE,  NAME,  BUFF,  LNGTH, 
\FEDFLG,  STATUS,  IN,  OUT)  / 


Read  from  OLDBL 
FILE  = 5LTAPEB 

NO  | YES  

Read  deck  from  LGO  file 
.CALL  READL(BUFF,  1,  LNGTH,  2,  IN,  L)/ 

End  Of  File  read 

IS  f 0 

I NO  YES  1 


Set  deck  limits 
IN  - 1,  OUT  - L 


Set  EOF  indicators 
REDFLG  - 3,  NAME  - 0 


YEOM 

RITDEK 


1 
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YEOM 


RITDEK 
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YEOM 


SORT 


Subroutine  SORT 

(A,  L,  N,  MAX,  MM,  MASK,  MODE) 


1 Does  MASK  contain  bit  positions  to 

sort  on  1 

MASK i 0 

1 YES 

NO 

Preset: 

MASK1  —MASK  Input  bit  mask 

BIT  - 0 

Kth  bit  (sign) 

TOP  - 1 

1st  column 

BOT  - MAX 

Last  column 

K - 1 

Stack  pointer 

STACK(l)  - 

(MAX  + 1)*1000 

SWITCH  - 1 

Bit  sort  on 

I -TOP 

1st  column 

J -BOT 

Last  column 

RETURN 


Numerical  or  alphanumeric  sort 

MODE 

= 0 numeric  + 0 alpha  

~ < — ' 

Get  next  bit  to  sort  on 
CALL  MASKR(BIT,  MASK1,  SWITCH,  IDUM) 


| Is  top  element  negative 
A(I,  MM)  < 0 


YES 


Has  the  top  pointer  passed  the  bottom  pointer 

I < J 

" ” NO  YES 


Increment  top  pointer 
I-I+l 
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YEOM 

SORT 


[■■mSI 


t positive 
> 0 


Decrement  bottom  pointer 
J - J-l 


Has  the  top  pointer  passed  the  bottom  pointer 

I < J 

YES 


Increment  top  pointer 


NC=  1 . N 


Interchange  each  element  in  row  I and  J 
TEMP  -A(I,NC) 

A(I,  NC)  — A(J,  NC) 

A(J,  NC)  - TEMP 


Move  top  pointer  down  and  bottom  pointer  up  ~| 


I 

_J 

NO  < 

YES  = 

_ 

YES  > 

Is  element  negative 
A(I,  MM)  < 0 
YES  I NO 


I 


YEOM 

SORT 


i 

i 

i 

i 


1 


1 
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YEOM 


i=l,  NDICT 


UPDIR 


1 


•i 


s 


YEOM 


UPDIR 
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YEOM 


UPDIR 


» 

i 


150 
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YEOM 


UPDIR 
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YEOM 


YEOM 


— io> 


YEOM 


XREF 


i 


>5 

1 

2 


1 


YEOMAN  EQUATIONS 


I 


Program  YEOMAN  contains  no  equations  other  than  those 
'*<»4uired  for  indexing.  AU  variables  used  by  the  program  are  integer  by 
default  or  are  typed  as  integer.  Program  YEOMAN  is  the  executive  control 
that  examines  tape  file  inputs  to  determine  the  functional  flow  of  the 
program. 

£ 

Subroutine  BINSCM  performs  a binary  search  on  an  array 
of  alphanumeric- sorted  deck  names.  The  number  of  bits  with  which  the 
search  is  made  is  controlled  by  an  input  mask.  A logical  AND  is  applied 
to  the  word  in  the  array  prior  to  its  comparison,  which  allows  the  search 
to  be  any  bit  configuration  as  a function  01  the  input  mask.  The  calling 
sequence  is: 

CALL  BINSCM(IARAY,  NSIZE,  MASK) 

where 

IARAY  = array  containing  alphanumeric- sorted  deck  names 

NSIZE  = number  of  deck  names  in  array  IARAY 

MASK  = mask  used  in  binary  search  (if  entered  0,  no  masking 
is  used  for  the  search) 

Subroutine  communication  is  by  the  labeled  commc  • statement: 


i 

3 


I 


COMMON/SEARCH/ NUMB ER,  JLOC,  IPASTE,  JLOC2,  MARKER 

where 

NUMBER  = alpha  deck  name  searching  for  JLOC 


JLOC  - index  relative  to  IARAY  where  deck  was  found 
(0  indicates  deck  name  could  not  be  found) 

MARKER  = flag  with  which  to  OR  the  deck  name  if 

NUMBER  - XARAY(JLOC),  withovt  using  a mask 


( 


YEOMAN  utility  subroutine  (no  flow  charts). 


I 


3 


3 
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IPASTE  = not  used 


V J 


JLOC2  = not  used 

Subroutine  BUILD  reads  each  deck  on  file  LGO  to  obtain  the 
order  of  relocatable  decks  and  the  external  requirements  of  each  deck. 

3*5 

Subroutine  HTOLD  unpacks  an  input  array  containing  BCD 
deck  names  separated  by  a comma.  Each  deck  name  is  placed  in  the  output 
array  (one  name  per  output  array  element  in  a left- justified  format)  until 
terminated  by  a blank  or  a right  parenthesis,  or  until  eight  deck  names  have 
been  unpacked.  The  calling  sequence  is: 

CALL  HTOLD(INBUF,  IOB  UF,  N) 


where 

INBUF  = input  array  containing  deck  names  separated  by  a 
comma 

IOBUF  = output  array  containing  unpacked  (left- justified  format) 
deck  names 


N = number  of  deck  names  unpacked 

3$; 

Function  IFIND  is  used  to  address  absolute  locations  rela- 
tive to  a program's  starting  address.  IFIND  is  used  mainly  to  interrogate 
tape  parameters  that  start  in  relative  address  2.  The  calling  sequence  is: 

I = IFIND(IADD) 


where 


IADD  = relative  address  to  location  0 


I = contents  of  relative  address  IADD 


For  example,  if 


I = IFIND(IFIND(2)) 


* 


YEOMAN  utility  subroutine  (no  flow  charts). 
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location  2 contains  the  address  of  the  name  of  tape  parameter  i,  and  I 
contains  the  BCD  name  (L  format)  of  tape  parameter  1. 

Function  IHTOL  converts  a BCD  H-format  word  to  a BCD 
L-format  word.  The  calling  sequence  is: 

A = IHTOL(IWRD) 


where 

1WRD  = BCD  H-format  word 

A = IWRD  converted  to  BCD  L-format  word 

Subroutine  IS  CAN  ^ goes  through  an  array  looking  for  a word 
with  a 1 in  bit  position  59.  When  this  word  is  found,  control  is  returned  to 
the  calling  routine  with  the  new  pointer.  If  the  word  is  not  found,  control  is 
returned  with  the  pointer  set  to  zero.  This  subroutine  is  used  by  subroutine 
MARKDEK  to  determine  the  TRP  external  requirements.  The  calling 
sequence  is: 

CALL  ISCAN(LIST,  NLIST,  POINTER) 

where 

LIST  = array  being  searched 
NLIST  = number  of  words  in  array  LIST 

POINTER  ~ pointer  in  LIST  array  that  searches  for  word 
containing  a 1 in  bit  position  0 (set  to  zero  if 
word  is  not  found) 

Subroutine  LIBCHK  checks  the  external  requirements  of  decks 
being  written  to  the  TRPC  file  to  identify  all  library  requirements  of  the 
deck.  The  calling  sequence  is: 

CALL  LIBCHK(B  UFF,  IN,  OUT) 


❖ 


YEOMAN  utility  subroutine  (no  flow  charts). 
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where 


BUFF  = buffer  containing  the  relocatable  deck 
IN  = first  word  index  to  BUFF 
OUT  = last  word  index  to  BUFF 

Subroutine  MARKDEK  reads  the  TRP  REQ/NREQ  deck  and 
marks  all  required  input  decks.  It  cycles  through  the  directory  marking  all 
external  requirements  (commons,  subroutines,  functions)  until  all  require- 
ments are  satisfied  and  then  re-sorts  the  marked  directory  back  to  deck 
order. 

Subroutine  MASKR  is  used  by  subroutine  SORT  to  interrogate 
the  input  mask  starting  at  bit  position  BIT  and  to  output  a mask  containing  a 
1 in  the  next  bit  position  to  sort  on.  The  calling  sequence  is: 


CALL  MASKR(BIT,  MASK,  SWITCH,  NM) 


where 


BIT  = current  position  (bit  number)  that  input  mask  is 
being  interrogated 

MASK  = input  sorting  mask  (the  bits  set  to  1 determine  the 
bit  positions  to  sort  on) 

SWITCH  = completion  flag: 

1 = more  bits  to  sort  on 
0 = sorting  is  complete 


NM  = output  mask  containing  a 1 in  the  bit  position  to  be 

sorted  (sign  bit  is  0,  where  bit  positions  are  0 ■*-  59) 


Subroutine  MERGDEK  merges  input  files  OLDBL  and  LGO  to 
create  file  NEWBL  and/or  file  TRPC  (as  dictated  by  the  TRP  REQ/NREQ 
input  deck). 

Subroutine  MERGLIB  decodes  overlay  cards  and  sets  appro- 
propriate  masks  for  library  merge  of  the  current  overlay.  It  inserts  the 
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library  decks  marked  required  by  subroutine  LIBCHK  at  the  end  of  each 
overlay.  The  calling  sequence  is: 

CALL  MERGLIB(IDEK,  NDEK) 


where 


IDEK  = overlay  flag: 

7HOVERLAY  = positioned  at  the  beginning  of  an 
overlay 

* 7HOVERLAY  = positioned  at  the  end  of  an  overlay 

NDEK  = array  used  to  store  the  names  of  the  library  decks 
inserted  into  the  current  overlay 

Subroutine  MXCALL  is  called  by  YEOMAN  when  an  abort 
situation  occurs.  MXCALL  passes  the  first  parameter  to  system  macro 
ABORT  to  return  control  to  the  operating  system.  The  calling  sequence  is: 

CALL  MXCALL(3RABT,I) 


where 

3RABT  = system  recognizes  that  an  abort  of  the  program 
is  requested 

I = not  used 

Subroutine  OLPRNT  prints  an  overlay  card  and  the  deck 
names  that  have  been  output  to  file  TRPC.  OLPRNT  also  gives  control  to 
subroutine  M ERG  LIB  at  the  start  and  end  of  each  overlay  for  library  deck 
insertion.  The  calling  sequence  is: 

CALL  OLPRNT(ICD,  NEDK,IDEK) 


where 


ICD  = number  of  decks  output  to  file  TRPC  in  the  current 
overlay 
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IDEK 


overlay  flag: 

7HOVERLAY 

* 7HOVERLAY 


positioned  at  the  beginning  of 
an  overlay 

array  containing  the  size  of  ICD 
decks  written  to  file  TRPC 


NDEK  = array  containing  the  names  of  ICD  decks  written  to 
file  TRPC 


Subroutine  RDIR  reads  the  directory  from  the  OLDBL 
to  obtain  the  order  of  the  relocatable  decks  and  the  external  requirements 
of  each  deck. 

Subroutine  REDEK  controls  the  reading  of  the  OLDBL  and 
LGO  files.  The  calling  sequence  is: 


CALL  R.LDEK(FILE,  NAME,  BUFF,  LNGTH,  REDFLG,  STATUS, IN,  OUT) 


where 


FILE  = BCD  file  indicator: 

5LTAPEB  = read  next  deck  from  file  OLDBL 
3LLGO  = read  next  deck  from  file  LGO 


NAME(l) 

(2) 


name  of  relocatable  deck  read 
size  of  relocatable  deck  read 


BUFF  = buffer  area  to  read  the  deck  into 


LNGTH  = number  of  words  contained  in  relocatable  deck 


REDFLG  = read  status  indicator: 

0 = end  of  file  read 

1 = deck  read 

2 = overlay  card  read 

STATUS  = not  used 

IN  = current  pointer  that  contains  first  word  of  relocatable 
deck  read 


OUT  = current  pointer  that  contains  last  word  of  relocatable 
deck  read 
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Subroutine  READL  is  used  to  read  decks  residing  on  the 
LGO  file.  READL  tests  for  errors  on  the  LGO  file;  if  errors  are  encoun- 
tered, a printed  message  is  output  and  the  deck  is  skipped.  The  calling 
sequence  is: 

CALL  READL  (LOC,  IA,  IB,  ITP,  ISTAT,  LEN) 


where 


LOC 
IA 
IB 
I TP 
ISTAT 


LEN 


buffer  name  to  read  the  data  into 
first  word  index  to  LOC 
last  word  index  to  LOC 
LGO  file  number  to  read 

go  status  flag: 

0 = LGO  file  read 

1 = end  of  file  read  on  LGO  file 

number  of  words  read 


Subroutine  REED  is  used  to  buffer  in  data  and  return  the 
number  of  words  read.  The  calling  sequence  is: 


CALL  REED  (LOC,  IA,  IB,  ITP,  ISTAT,  LEN) 


where 


LOC 

IA 

IB 

ITP 

ISTAT 


buffer  name  to  read  the  data  into 
first  word  index  to  LOC 
last  word  index  to  LOC 
tape  file  number  to  read 
go  status  flag: 

0 = file  ITP  read  successfully 

1 =;  end  of  file  read  on  file  ITP 


LEN  = number  of  words  read 


* 


YEOMAN  utility  subroutine  (no  flow  charts). 


Subroutine  RITDEK  controls  the  writing  of  the  NEWBL  and 
TRPC  files.  RITDEK  also  gives  control  to  subroutine  LIBCHK  for  library 
requirement  interrogation.  The  calling  sequence  is: 

CALL  RITDEK  (FILE,  BUFF,  LNGTH, STATUS,  IN,  OUT,  REDFLG,  IRIT) 

where 


FILE  = not  used 

BUFF  = buffer  area  from  which  to  write  the  relocatable  deck 
LNGTH  = not  used 

NAME  = name  of  the  deck  being  written^-' 

REDFLG  = not  used 
STATUS  = not  u?ed 

IN  = pointer  that  contains  the  first  word  of  the  relocatable 
deck  to  be  written 

OUT  = pointer  that  contains  the  last  word  of  the  relocatable 
deck  to  be  written 

IRIT  = file  write  indicator: 

1 or  3 = write  deck  to  NEWBL 

2 or  3 = write  deck  to  TRPC  or  library  file 

;}C 

Subroutine  RITE  is  used  to  buffer  out  data.  The  calling 


sequence  is: 


CALL  RITE  (LOC,  I A,  IB,  ITP) 


where 

LOC  = buffer  name  from  which  to  write  the  data 
IA  = first  word  index  to  LOC  to  start  write 
IB  = last  word  index  to  LOC  to  end  write 
ITP  = tape  file  number  to  write 


❖ 


YEOMAN  utility  subroutine  {no  flow  charts). 
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ij* 

Subroutine  RITEL  is  used  to  write  the  TRPC  file.  The 
calling  sequence  is: 

CALL  RITEL  (LOC,IA,IB,ITP) 


where 


LOC  = buffer  name  from  which  to  write  the  deck 
IA  = first  word  index  to  LOC  to  start  write 
IB  = last  word  index  to  LOC  to  end  write 
ITP  = tape  file  number  to  write 

Subroutine  SORT  sorts  an  array  of  I rows  and  J columns  by 
entries  in  the  column.  The  sorting  is  ARRAY(l,N)  = min,  . . . , 

ARP.  AY  (I,  N)  = max,  according  to  the  bits  set  in  the  mask.  A mask  of  all 
ones  and  mode  0 is  a normal  numerical  sorting  mode,  which  works  for  input 
vectors  of  any  type.  Sorting  is  performed  within  a column  of  bits  down  the 
array  with  zeros  sorted  low  and  ones  sorted  high.  The  sorting  time  is 
linearly  proportional  to  L * M,  where  L is  the  length  of  column  in  the  array 
being  sorted  and  M is  the  number  of  nonzero  positions  in  the  mask.  ARRAY 
is  sorted  back  into  itself,  so  no  extra  working  storage  is  required.  The 
calling  sequence  is: 

CALL  SORT  (ARRAY, I,  J,  L,  N,  MASK,  MODE) 

where 


ARRAY 

I 

J 

L 

N 


array  with  I rows  and  J columns  to  be  sorted 

number  of  rows  in  ARRAY 

number  of  columns  in  ARRAY 

number  of  elements  in  each  row  to  be  sorted 

column  of  ARRAY  to  be  sorted;  all  other  columns  are 
moved  as  a function  of  the  sort  on  this  column 


* 


YEOMAN  utility  subroutine  (no  flow  charts). 
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sJ 

MASK  = nonzero  bits  in  MASK  specify  the  bit  positions  to  be 
used  in  the  sorting  process 

MODE  = sorting  mode: 

i 0 = bit  0 is  not  to  be  considered  as  a sign  bit 

0 = the  sign  bit  is  to  be  considered,  and  all  negative 
items  are  placed  at  the  bottom  of  the  array 

Subroutine  UPDIR  merges  the  OLDBL  and  LGO  directory 
information  to  an  updated  directory.  It  then  sorts  the  new  directory 
alphanumerically,  retaining  deck  order  and  file  residence  information. 

Subroutine  WDIR  writes  the  updated  directory  on  the  NEWBL, 

file. 

Subroutine  XREF  prints  out  a cross  reference  map  of  the 
complete  TRP  library. 
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2.3  YEOMAN  INPUTS 

Input  may  be  made  to  Program  YEOM  by  three  methods.  The 
first  is  by  way  of  REQ/NREQ  data  decks,  the  second  is  by  calling  sequence 
parameters  (Table  2-1),  and  the  third  is  by  a compiler-created  library  file 
that  contains  relocatable  subroutine  decks  and  newly  created  subroutines 
(Sec.  2 of  the  TRP  Milestone  7 Report). 

The  only  card  input  to  Program  YEOM  is  the  REQ/NREQ  input 
deck,  which  contains  the  TRP  model  names  and  designates  the  final  pro- 
gram configuration  t,  be  written  on  file  TRPC.  Absence  of  this  deck  (EOR 
card  only)  negates  the  generation  of  file  TRPC.  This  deck  should  be  removed 
when  a new  binary  library  (NEWBL)  is  generated  and  a program  configuration 
is  not  needed. 

Model  names  are  considered  as  primary  members  whenever  a 
hierarchy  of  decks  exists.  All  decks  in  a hierarchy  are  designated  as  required 
if  the  primary  member  of  the  hierarchy  is  required. 

There  are  six  REQ/NREQ  control  cards.  In  the  REQ/NREQ 
deck  structure,  each  control  card  (except  NO  MORE)  may  be  followed  by  one 
or  more  data  cards  containing  deck  names.  Each  deck  cited  on  a data  card 
is  processed  according  to  the  preceding  control  card,  until  a new  control 
card  is  encountered.  The  REQ  card  is  used  to  designate  the  decks  required. 


1 11  80 


REQ 


cc 

Contents 

1-3 

REQ 

4-10 

Blank 

11-80 

User’s  comments 
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I  nputs 

t 

N.  / 

Table  2-1.  Calling  Sequence  Parameters 

i 

i 

Calling  Sequence 

Parameter  No.  Default  Description 

1 IFLG  The  first  five  characters  of  this  parameter 

are  used  to  select  YEOMAN  options. 

These  characters  may  be  input  in  any  order. 

Note  that  IFLG  (default)  does  not  contain 
any  of  the  input  characters: 

P Used  as  a flag  to  the  program  to  print 
intermediate  output.  The  P option  is 
automatically  set  when  a NEWBL  is 
generated 

C Print  file  COMPILE  with  C/  common 
suppression  and  UPDATE  identifiers 
shifted  left 

S Same  as  C except  that  printed  output  is 
compressed  (8  lines /inch) 

E Program  aborts  if  an  error  is  encoun- 
tered on  LGO  file  (default) 

O Program  ignores  (skips)  errors  encoun- 
tered on  LGO  file 

2 TAPEZa  Generates  a new  TRP  relocatable  binary 

tape  when  this  parameter  is  input  as 
NEWBL 

3 OLDBLa  File  containing  the  old  TRP  relocatable 

binary  tape.  If  the  file  is  empty,  program 
assumes  all  input  decks  are  on  file  LGO 

4 LGO  File  containing  the  newly  compiled  TRP 

decks.  If  this  file  is  empty,  the  program 
assumes  all  input  decks  are  on  file 
OLDBL 

5 TRPCa  File  containing  TRP  program  configuration 

to  be  loaded 

6 INPUTa  Input  file  that  the  REQ/NREQ  deck  is  on 

aNote  that  TAPE3  = TAPEZ,  TAPE1  = OLDBL,  TAPEB  - OLDBL, 

TAPE2  = LGO,  TAPE5  = INPUT,  and  TAPE7  = TRPC. 
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The  NREQ  card  is  used  to  identify  unwanted  decks. 

1 11 80 

j^NREQ  | 

cc  Contents 

U4~  NREQ 

5-10  Blank 

11-80  User’s  comments 


The  NREQE  card  is  the  same  as  the  NREQ  card. 

1 11 80 

f NREQE  | 

cc  Contents 

uT  NREQE 

6-10  Blank 

11-80  User’s  comments 


Each  deck  whose  name  appears  on  a data  card  following  the 
NREQR  control  card  is  replaced  by  subroutine  that  immediately  returns  con 
trol  to  the  calling  program. 


1 

11 

80 

| NREQR 

cc 

Contents 

1-5 

NREQR 

6-10 

Blank 

11-80 

User’s  comments 

The  LIBR  card  is  used  to  designate  libiary  decks.  Compiled 
decks  are  on  the  LGO  file;  uncompiled  decks  are  on  OLDBL.  The  only  rule  is 
that  each  deck  must  appear  before  the  first  overlay  requiring  it.  Library  decks 
are  automatically  inserted  into  the  overlays  that  require  them. 


1 11  80 


LIBR 


cc 

Contents 

1-4 

LIBR 

5-10 

Blank 

11-80 

User's  comments 
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The  NO  MORE  control  card  signifies  the  end  of  the  REQ/NREQ  data  deck. 


1 11  80 


| NO  MORE 

cc 

Contents 

1-7 

N0  MORE 

8-10 

Blank 

11-150 

User's  comments 

All  data  cards  that  follow  the  REQ/NREQ  control  cards  are  in 
one  of  the  following  formats: 


Format  1 

1 11  80 


DNAME 

! 

cc 

Contents 

1-6 

Deck  name 

7-10 

Blank 

11-80 

User's  comments 

Format  2 

1 

80 

| DECK1 . DECK2, 

, DECK3,  DECK4  - UP  TO  8 DECKS 

Up  to  8 deck  names  may  be  entered  per  card;  each  deck  name 
is  separated  by  a comma.  The  first  blank  encountered  ends  the  list,  and  the 
remainder  of  the  card  is  interpreted  as  user's  comments. 

Output  from  Program  YEOM  consists  of  a disc  file  (TRPC)  of 
relocatable  decks  that  contains  the  TRP  program  configuration  dictated  by  the 
model  names  in  the  REQ/NREQ  input  deck. 

An  updated  version  of  the  OLDBL  may  be  generated  on  tape 

NEWBL. 
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Outputs 


Output  from  the  YEOMAN  program  consists  of  a disc  file 
(TRPC)  of  relocatable  decks  that  contains  the  TRP  program  configuration 
dictated  by  the  model  names  in  the  REO/NREQ  input  deck.  An  updated 
version  of  the  OLDBL  may  be  generated  on  tape  NEWBL. 

All  YEOM  variable  outputs  are  integer  by  default  or  are 
typed  as  integer  (Table  2-2). 

The  models  that  make  up  the  TRP  program  (the  full  set  that 
resides  on  the  source  file)  are  shown  in  Table  2-3.  Loading  this  set  of 
models  results  in  the  subroutine  map  shown  in  Table  2-4.  This  table  gives 
the  ordering  of  subroutines  and  also  shows  the  overlay  in  which  they  reside. 
For  most  runs,  the  full  set  of  models  is  not  required;  the  user  can  specify 
through  YEOMAN  the  models  that  are  required  and  those  that  are  not.  The 
user  can  also  identify  specific  subroutines  known  to  be  unnecessary  even 
though  YEOMAN,  through  the  automatic  determination  of  required  subroutines, 
would  specify  that  it  be  loaded.  This  technique  is  useful  in  minimizing  the 
cove  size  required  for  execution. 

The  required  models,  the  models  that  are  not  required,  several 
modules  that  are  not  required,  and  some  individual  subroutines  that  are  not 
used  for  the  operational  version  of  TRP  are  shown  in  Table  2-5.  The  YEO- 
MAN input  cards  needed  to  configure  the  op  rational  version  of  TRP  are  listed 
in  this  table.  This  configuration  results  in  the  subroutine  map  shown  in 
Table  2-6. 
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Table  2-2.  YEOMAN  Output  Variables 


Output 


Mnemonic 

Units 

Description 

BTAPE 

N.  D. 

OLDBL  flag: 

0 = OLDBL  is  vacant 
* 0 = Relocatable  decks  reside  on 
file  OLDBL 

LGO 

N.B. 

LGO  flag: 

0 = LGO  is  vacant 
* 0 = Relocatable  decks  reside  on 
file  LGO 

NB  TAPE 

N.  D. 

NEWBL  flag: 

0 = TRP  binary  file  NEWBL  is 
generated 

0 = NEWBL  is  not  generated 

NMVS 

N.  D. 

TRPC  flag: 

0 = TRP  program  configuration 
flag  TRPC  is  not  generated 
* 0 = TRPC  is  generated 

PRINTP 

N.  D. 

Intermediate  print  flag: 

0 = Intermediate  print  is  not 
output 

* 0 = intermediate  print  is  output 

NBD 

N.  D. 

Counts  number  of  binary  decks  that 
reside  on  file  OLDBL 

NLD 

N.D. 

Counts  number  of  binary  decks  that 
reside  on  file  LGO 

NL.EQD 

N.  D. 

Counts  maximum  number  of  decks  to 
be  considered  when  output  file  TRPC 
is  merged 

NDICT 

N.  D. 

Counts  total  number  of  decks  in  the 
directory  after  it  has  been  merged 

Lflij 
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Table  2-2.  YEOMAN  Output  Variables  (Continued) 


Mnemonic 

Units 

Description 

DIC  T(  2000, 3) 

BCD 

Directory  vector  (Col.  1): 

Col.  1 contains  deck  names  with 
REQ/NREQ  information  in  the 
following  format: 

NAME  I 

where  I = 2B  indicates  that  a deck 
is  required,  I = 10B  indicates  that 
a dummy  return  deck  is  required, 
and  I = 20B  indicates  that  a deck 
is  not  required 

BASEL 

N.  D. 

Directory  vector  (Col.  2): 

Relative  BASE  pointer  to  deck 
requirements 

DORDR 

N.  D. 

Directory  vector  (Col.  3): 

Deck  order  and  file  residence 
information  for  deck  in  Col.  1: 

*DORDR  = R*10000B+N 

where  N = deck  order  and  R = file 
residence  (R  = 1 indicates  deck  is  on 
file  CLDBL,  R = 2 indicates  deck  is 
on  file  LGO,  and  R = 3 indicates 
deck  is  on  both  files) 

NUMBER 

BCD 

Deck  name  to  be  searched  for  by  binary 
search  routines 

JLOC 

N.  D. 

Relative  location  in  array  where 
NUMBER  was  found 

JLOC2 

N.  D. 

Relative  location  if  NUMBER  has  two 
entries  in  array 

MARKER 

K.  D. 

Mask  used  to  OR  requirement  flags  in 
deck  names  found  by  binary  search 
routines 

Mnemonic 


Units 


Description 


BASE 

N.  D. 

Buffer  that  contains  the  OLDBL 

relocatable  directory 

BBKT 

N.  D. 

Pointer  to  first  work  in  array  BASE 

CBKT 

N.  D. 

Current  pointer  to  array  BASE 

EBKT 

N.  D. 

Pointer  to  last  word  in  array  BASE 

i 

s 
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Table  2-4.  Subroutine  List:  Full  Set  (Continued) 
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SECTION  3 


COORDINATE  SYSTEMS  AND  TYPES 


A number  of  coordinate  systems  and  types  are  used  in  TRP. 

A coordinate  system  is  a set  of  well  defined  points  and  lines  to  which  mea- 
surements can  be  referenced.  Coordinate  types  are  the  measurements 
necessary  to  specify  the  position  and  velocity  of  an  object  relative  to  a par- 
ticular coordinate  system. 

All  coordinate  systems  used  in  TRP  are  right-handed,  where 
the  triad  is  denoted  by  (x,  y,  z),  (1,  2,  3),  (u,  v,  w),  etc.  Wherever  pos- 
sible, coordinate  frames  are  assigned  an  upper  case  alphabetic  character 
for  identification  (e.g..  A,  B,  or  C). 

The  coordinate  transformation  from  the  A to  the  B coordinate 
system  is  symbolically  denoted  as  [AB]  and  is  assigned  the  mnemonic  ABU. 
Matrices  are  usually  stored  by  rows;  the  inverse  of  an  orthogonal  matrix  is 
never  stored  explicitly,  even  though  it  may  be  required  explicitly  in  an 
equation. 

The  ij  element  of  [AB]  is  located  symbolically  at  ABij,  where 
i and  j are  integers,  or  (more  often)  ABij  is  located  at  cell  AB11  + k,  where 
k is  the  address  of  ABij  relative  to  ABil. 

A shorthand  notation  is  used  to  describe  the  rotations  required 
to  generate  an  orthogonal  transformation  matrix.  The  notation  is  contained 
in  parenthetical  expressions  of  the  form  (ar^,  cr^),  where 

or ^ = axis  of  rotation  (1,  2,  or  3) 
c *2  = angle  of  rotation  in  the  right-hand  sense 

Thus,  the  expression  (proceeding  from  right  to  left) 

[AB]  = (1,(5)  (2,45°)  [I] 
where  [I]  is  the  identity  matrix 
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is  equivalent  to  the  expression 
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Coordinate  systems  require  either  a time,  angle,  or  position 
specification  (or  a combination  of  these)  to  uniquely  define  the  system.  The 
necessary  times,  angles,  and  positions  are  defined  below: 

Epoch  = an  arbitrary  time  required  to  define  the  earth- 

centered  inertial  Cartesian  coordinate  system 
(Sec.  3.  1.  i).  Epoch  is  usually  chosen  to  either 
coincide  with  the  missile  launch  or  to  precede 
the  missile  launch  by  a few  seconds.  Year, 
month,  day,  and  time  since  midnight  inputs 
are  used  to  specify  epoch. 

Launch  time  = an  arbitrary  time,  specified  by  the  user, 

required  to  define  the  launch- centered  inertial 
coordinate  system  (Sec.  3.  1. 3).  If  the  missile 
being  simulated  is  to  fly  from  the  pad,  the 
launch  time  is  the  time  the  missile  leaves  the 
pad  (normally,  t = 0). 

Launch  site  = an  arbitrary  position,  specified  by  the  user, 

required  to  define  the  launch-centered  inertial 

coordinate  system  (Sec.  3.  1.3).  If  the  missile  « 

being  simulated  is  to  fly  from  the  pad,  the 

launch  site  is  the  location  of  the  launch  pad  in  = 

latitude,  longitude,  altitude,  and  azimuth  ; 

coordinates. 


3-2 


r.r'iM.-irrr** 


Launch  azimuth  = an  arbitrary  angle,  measured  from  true  north 

at  the  launch  site  to  the  launch  plane,  required 
to  define  the  launch-centered  inertial 
coordinate  system  (Sec.  3. 1.3).  If  the  missile 
being  simulated  is  to  fly  from  the  pad,  the 
launch  azimuth  is  the  downrange  direction  if 
a roll  program  is  not  used. 

Earth  reference  a mathematical  representation  of  the  sea  level 
ellipsoid  - surface  of  the  earth  (Fig.  3-1).  The  earth  ref- 

erence ellipsoid  is  an  ellipsoid  of  revolution 
pKont  the  rotational  axis  of  the  earth  with  a 
semimajor  axis  of  20925672.6  feet  and  a semi- 
minor axis  of  20855511  feet. 

3. 1 COORDINATE  SYSTEMS 

The  principal  TRP  coordinate  systems  are  described  in  this 
section.  Particularly  important  transformations  are  also  delineated. 


3.  1.1 


Computational  Coordinate  System  I 


The  differential  equations  for  translational  motion  are  inte- 
grated in  the  inertial  Cartesian  coordinate  system  I.  This  system  has  its 
origin  at  the  center  of  the  principal  attracting  body  at  the  start  of  each  simu- 
lation. The  X and  Y axes  lie  in  the  equatorial  plane  of  this  body,  and  Z is 
directed  along  the  north  polar  axis.  If  the  body  rotates,  its  rotational  rate  is 
assumed  to  be  about  Z (Fig.  3-2). 

If  the  nutation  flag  NUTF  t 0,  the  equatorial  components  of 
nutation  and  precession  are  accounted  for;  the  result  is  that  TRP  uses  a true 
equator  and  equinox  of  date  (instant).  If  NUTF  = 0,  only  the  equatorial  pre- 
cession is  accounted  for,  and  TRP  uses  a true  equator  and  mean  equinox  of 
epoch.  When  the  year  of  epoch  is  input  negative,  the  coordinate  system  X 
axis  is  forced  to  be  on  the  Greenwich  meridian. 


h t * a.  w.  w a i 


NORTH  POLE 


SEMIMAJOR  AXIS  (ae)  = 20925672.6  ft 
SEMIMiNOR  AXIS  (be)  = 20855511  ft 


GC  = GEOMETRIC  CENTER  OF  THE 
EARTH  REFERENCE  ELLIPSOID 


Note:  Preset  values  approximate  the  WGS-66  standard 


Fig.  3-1.  Earth  Reference  Ellipsoid 
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St  ja.y  liini&j 


GREENWICH  OR  PRIME 
MERIDIAN  AT  MIDNIGHT 


VEHICLE 


Fig.  3-2.  Computational  Coordinate  System  I 

The  symbols  used  are  defined  as  follows: 

X.j  = vehicle  right  ascension  with  respect  to  the  I frame,  or 

vehicle  longitude  referenced  from  the  X axis  of  the  I 
frame.  The  X axis  is  directed  toward  the  vernal  equi- 
nox by  input  of  vear,  month,  and  day  of  epoch, 

X.  = vehicle  longitude  as  measured  positively  in  the  right- 

hand  sense  from  the  prime  meridian  (Greenwich  on 
the  earth). 

GHA{0)  = angle,  measured  in  the  right-hand  sense,  from  the 
X axis  of  the  I coordinate  frame  to  the  Greenwich 
meridian.  It  is  computed  for  zero  hours  (midnight) 
from  input  of  day,  month,  and  year. 

t^  = simulation  time  (generally  referred  to  as  the 

dynamics  time). 
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sel 
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fr 


= time  at  which  the  simulation  starts  in  channel  1 

(t , - t , = 0 at  start  of  simulation), 
a sei 

= time  since  zero  hour  of  the  reference  day  to  the  start- 
ing time  tge^>  where  t^  • gives  the  rotation  angle  that 
the  Greenwich  meridian  has  traversed  since  midnight. 

= time  since  a fixed  reference  date  was  established.  Pre- 
cession and  nutation  effects  terminate  at  the  year,  month, 
and  day  chosen.  This  input  allows  the  use  of  inputs  from 
other  programs,  such  as  the  AOES  (Advanced  Orbit 
Ephemeris  System),  to  be  used  instead  of  the  usual  off- 
set reference  date. 


Pj.  ■=  vehicle  position  vector  in  the  I coordinate  system. 

= rotational  rate  of  the  reference  ellipsoid. 

Note  that  the  relation  between  and  X.  is  given  by 


\ - GHA(O)  - sytd  - tsel  + tfg  + tfr) 

3.1.2  Vehicle  Zero  Reference  Coordinate  System  Q 


The  Q coordinate  system  is  a Cartesian  coordinate  system 
originating  at  the  vehicle  zero  reference  station.  This  station  can  be  arbi- 
trarily assigned  with  respect  to  the  vehicle,  although  it  is  usually  located  at 
the  nose  of  the  vehicle  or  at  some  point  near  the  vehicle's  forward  extremlfy. 
The  X axis  of  the  Q frame  points  positively  forward  along  the  vehicle  center- 
line  or  roll  axis;  the  Y and  Z axes  complete  a right-handed  orthogonal  system 
with  Z up  and  Y left  when  looking  in  the  positive  X direction  (Fig.  3-3). 

Vehicle  locations  are  all  referenced  to  the  Q station.  For 
example,  the  vehicle  center  of  pressure  and  center  of  gravity  are  often  speci- 
fied tabularly  with  respect  to  the  Q station,  as  a function  of  parameters  such 
as  Mach  number  and  vehicle  weight,  respectively.  Engine  nozzles  are 
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The  vehicle's  instantaneous  center  of  gravity  serves  as  the 
origin  for  the  Cartesian  B coordinate  system  (Fig.  3-5).  The  X,  Y,  and  Z 
axes  of  this  coordinate  system  are  parallel  to  those  of  the  Q coordinate 
system. 

Rotational  motion  of  the  vehicle  is  measured  in  terms  of 
rotation  about  the  axes  of  this  coordinate  system.  Vehicle  attitude  is  also 
measured  from  this  frame  to  other  frames,  one  of  which  is  the  I frame 
(Sec.  3.  1.  1).  This  [IB]  transformation  matrix  contains  the  direction  co- 
sines of  each  body  axis  referenced  to  inertial  space. 
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ENGINE  4 


ENGINE  3 


CENTER 
OF  GRAVITY 

■?*" 
ENGINE  2 


Yrt(left) 


XQ(forward) 


ENGINE  1 


ENGINE  1 

ENGINE  2 

ENGINE  3 

ENGINE  4 

PnxQ1  = +XQ 

PnxQ2  = _XQ 

PnxQ3  = "XQ 

Pnx04  = 'X( 

PnyQ1  = °* 

PnyQ2  = *YQ 

PnyQ3  = °* 

Pny04  = °* 

PnzQ1  = ~ZQ 

PnzQ2  = °- 

PnzQ3  = ZG 

Pnz04  = °* 

PRF|  = 1. 

PRF2  = 3. 

PRF3  = 2. 

prf4  = 1. 

apm1  = +4 
aym1  = °* 

4pm2  = °* 
aym2  = °* 

dpm3  = °* 
$ym3  = 0* 

apm4  = °* 
aym4  = °* 

Fig.  3-4.  Engine  Nozzle  Location  and  Orientation  in  the  Vehicle 
Coordinate  System  Q:  Examples 


A A /\ 


Rotations  about  X^,  Y^,  are  vehicle  roll,  pitch,  and  yaw, 
respectively.  The  position  of  the  vehicle  center  of  gravity  (or  the  origin  of 
the  B frame),  as  referenced  from  Q,  is  given  by 


cgXQ 

p = P 
cgQ  cgYQ 


LPcgZQ_ 


Fig.  3-5.  Vehicle  Body  Coordinate  System  B 


Similarly,  the  center  of  pressure  and  thrust  application  points  are  given 
relative  to  Q by  the  expressions 


PcpXQ 

PcpYQ 

PcpZQ 


PNXQ 

PNYQ 

PNZQ 
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Launch- Centered  Inertial  Coordinate  System  L 


(TMOTM) 

At  the  start  of  a simulation,  the  inertial  Cartesian  coordinate 
system  L is  estatlished.  This  coordinate  frame  normally  has  its  origin  at 
the  vehicle  center  of  gravity  at  the  start  of  a simulation  and  is  always  fixed 
inertially  with  respect  to  the  I frame  (Fig.  3-6). 


hs/L  + NL- 


ZL  yl 


x, 


REFERENCE 

ELLIPSOID 


PRIME  MERIDIAN 


Fig.  3-6.  Launch- Centered  Inertial  Coordinate  System  L 


The  origin  of  the  L frame  defines  the  location  of  the  vehicle 
center  of  gravity  with  respect  to  the  I frame  at  t = , providing  that  the 

initial  position  (Pjq)  of  the  vehicle  is  computed  from  the  astronomic  lati- 
tude 0^^'  astronomic  longitude  height  above  sea  level  hg^^,  geoidal 

separation  N^,  and  launch  aximuth  Az^,  All  of  these  taken  together  define 
the  origin  of  the  L frame.  The  quantity  is  the  rotation  angle  since  zero 
hour  of  epoch  to  time  t,  . 
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Starting  a simulation  with  an  arbitrary  origin  implies  that  the 
vehicle's  center  of  gravity  is  initially  specified  either  directly  through  Pjq 
or  through  some  other  representation  of  Pjq-  This  in  turn  implies  that  the 
L frame  has  its  origin  translated  from  the  I frame  at  the  start  of  a simulation 
by  the  representation  of  Pjq- 

Note  that  the  L frame  may  establish  the  vehicle's  initial  cen- 
ter of  gravity  but  has  nothing  to  do  with  the  initial  vehicle  attitude,  other 
than  to  provide  a reference  from  which  to  specify  that  attitude. 

The  Z axis  in  the  L frame  is  directed  outward  along  the  astro- 
nomic vertical,  points  along  the  launch  azimuth  of  the  L frame  as  mea- 
sured clockwise  from  north,  and  completes  the  right-handed  triad 
(Fig.  3-6).  Note  that  Az^  need  not  be  the  downrange  azimuth  (but  it 
usually  is). 

The  geometric  relationship  between  geodetic  and  astronomic 
coordinates  is  shown  in  Fig.  3-7,  where 


</>'  = geodetic  latitude 
= astronomic  latitude 

6n  = northward  deflection  of  the  local  vertical 
= eastward  deflection  of  the  local  vertical 
X.  = east  longitude 

= east  astronomic  longitude 

A a. 

W = geodetic  local  vertical 

A 

= astronomic  local  vertical  (plumb  bob  vertical) 


3.  1.5 


Initial  Body  Coordinate  System  Bq  (RMOTM) 


The  initial  vehicle  attitude  is  determined  through  the  co- 
ordinate system  (Fig.  3-8).  This  coordinate  frame  is  established  relative  to 
the  L frame  so  that  the  vehicle's  initial  body  axes  are  related  to  the  I frame 
through  the  transformation 
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3-7.  Geometric  Relationship  Between 
Geodetic  and  Astronomic  Coord- 
inates on  a Unit  Sphere 


ZL  = Xb0 


Fig.  3-8.  Initial  Body  Coordinate 
System  Bq 
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xi 
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Yb0 

= [LBq]  [IL] 

*. 

= (IBol 

A 

YI 
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LzboJ 
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LziJ 

where 


xr  Yrzi 

form  a unit  vector  triad  in  the  I frame 

Xb0’ Yb0,Zb0 

form  a unit  vector  triad  in  the  Bq  frame 

[IL] 

transforms  from  I to  L 

[LB0] 

transforms  from  L to  3„ 

fIBol 

transforms  from  I to  Bq 

The  Bg  frame  is  referenced  from  the  L frame  through  the  transformation 

[LBq]  = (l,<r0)  (2,a0)T  (3,pQ)  (2,Vq)T  (3'Aza0>T 

(3,t,3)  (2,^)  (1,  T!t)  [I] 

where  the  initial  values  of  the  bank  angle  <r q,  angle  of  attack  a^,  sideslip 
angle  Pq,  relative  flight  path  angle  \q,  relative  azimuth  angle  AzaQ,  and 
body  rotations  relative  to  launch  ^ 3 are  used. 

Thus,  if  a vehicle  simulation  is  started  from  the  point  at 
which  the  L and  Bq  frames  have  coincident  origins,  if  the  initial  vehicle 
roll  axis  is  along  the  astronomic  vertical,  and  if  the  initial  yaw  axis  is 
directed  opposite  to  that  of  X^,  the  above  reduces  to  the  standard  preset 
values  of 

[LBq]  = (3,0°)  (2,  -90°)  (1,0°) 
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3.  1.  6 Gimbal  Coordinate  System  G (RMOTM) 

The  capability  for  determining  the  vehicle  attitude  through 
gimbal  angles  is  computed  by  models  in  RMOTM.  The  vehicle  attitude  (in 
terms  of  gimbal  angles)  is  computed  with  respect  to  the  G coordinate  sys- 
tem, which  is  an  inertial  Cartesian  frame  whose  origin  coincides  with  that 
of  the  Bq  frame.  It  can  also  be  thought  of  as  a gimbal  coordinate  system 
from  which  ideal  platform  gimbal  angles  can  be  measured,  and  for  this  rea- 
son it  is  called  the  G frame  (Fig.  3-9).  The  orientation  of  this  coordinate 
system  is  always  defined  relative  to  the  Bq  frame  by  the  transformation 

[Bq  Gq]  = (3,|3)  (2,|2)  (l,|t)  [I] 


Fig.  3-9.  Rotations  to  Obtain  the  G 
Coordinate  System 

If  the  Gq  frame  is  made  equal  to  the  Bq  frame  and  if  Bq  de- 
fines the  usual  vehicle  launch  attitude,  the  gimbal  angles  0^,0-,,  measure 
roll,  pitch,  and  yaw  attitudes,  respectively.  However,  the  gimbal  angle  ©2 
is  indeterminate  at  90  deg,  so  it  is  standard  to  assign  0^  as  the  gimbal  angle 
that  measures  pitch  attitude  and  0^  as  the  gimbal  angle  that  measures  vehicle 
yaw  attitude.  This  is  accomplished  by  setting  ^ = 90  deg  and  £2  = = 0. 


u 


1 


f. 
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3.  1.7 


Body  Attitude  Initialization 


The  methods  for  performing  body  attitude  initialization 
consist  of  two  basic  methods,  each  with  myriads  of  suboptions.  A good 
understanding  can  only  be  obtained  by  careful  study  of  module  RMOTM. 
The  basic  elements  of  these  two  methods  can  be  obtained  from  the  informa- 
tion below. 

3. 1.7.1  Method  1 

Initialization  under  this  method  can  only  be  performed  at  the 
first  event  by  the  RMOTM  module,  using  the  launch  coordinate  system  as  a 
reference. 

Given  the  results  presented  in  Sec.  3.  1.  5 [IBQ]  and 
Sec.  3.  1.  6 [BqGq]  plus  a matrix  [Gq  G]  computed  from  the  initial  values 
of  the  gimbal  angles  8q,  the  body  attitude  matrix  [IB]  may  be  obtained.  Note 
that  [Bq  Gq]  = [BG]. 


tG0  ^ ~ ® 30 J ®io^  ^ 

[Bq  B]  = [BG]T  [Gq  G]  [B0  Gq] 

[IB]  = [Bq  B]  [IB0] 

Further  changes  in  [IB]  result  from  [GQ  G]  changes  (as  in  RMOTM  model  1) 
or  from  integrating  [IB]  (as  in  the  remaining  RMOTM  models).  Since  so 
many  angles  went  into  the  creation  of  [IBQ]  and  [Bq  Gq],  Secs.  3.  1.  5 and 
3.  1. 6 should  be  reviewed  with  the  above  equations  in  mind. 

3. 1.7.2  Method  2 

RMOTM  models  E and/or  5 may  be  used  at  any  event  to  recom- 
pute or  reinitialize  [IB].  A reference  system  is  chosen  by  an  input  flag  from 
which  misalignment  angle  tables  and  bias  angles  may  be  used.  The  axes  of 
rotation  (RMA1,  2,  3)  associated  with  these  angles  are  also  input.  This  is 
expressed  symbolically  by 
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°1  = [SIGMT]uble  + 810 

C*2  = [BETAT]^^  + ®20  * misalignment  tables 

and  bias  angles 

e3  « [ALFAT)table  + e30 
[IBR]  = reference  system  option 
[IB]  = [RMAj,  e3]  [RMA2,  02]  [RMAj,  6J  [IBR] 

Further  changes  in  [IB]  are  accomplished  by  using  the  three  tables. 

3.1.8  Local  Horizontal  Coordinate  System  H (ENVRM) 

This  geocentric  coordinate  system  is  defined  by  the  unit 
vectors  along  the  radius  vector  to  the  vehicle,  with  the  origin  on  the  refer- 
ence ellipsoid,  and  by  unit  vectors  normal  to  this  radius  vector,  pointing 
north  and  east  on  the  reference  ellipsoid  surface.  The  origin  on  the 
surface  is  defined  by  the  geocentric  latitude  <f>,  the  longitude  of  the  vehicle 
relative  to  the  I frame  \j,  and  pertinent  geometric  parameters  (Fig.  3-10), 
where 


points  up 


* ' ' 

XH  points  east,  perpendicular  to  Z H 

/V  /V  ^ 

Ypj  points  north,  perpendicular  to  Z^  and  Xpj 

The  H frame  is  related  to  the  I frame  through  the  orthogonal  transformation 


[IH]  = (1,90  - 0)  (3,\j  + 90) 
Translation  of  origins  is  also  required. 
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Fig.  3-10.  Local  Horizontal  Coordinate 
System  H 


Wind  Coordinate  System  W (AERMM) 


The  W coordinate  system  is  a geocentric  Cartesian  coordinate 
frame  whose  origin  is  at  the  vehicle  center  of  gravity,  where  the  X^.  axis  is 
directed  along  V^,  the  velocity  with  respect  to  the  air  mass  vector.  The 
axis  is  normal  to  the  plane  containing  Pj  and  X,^,  and  the  Z ^ axis  com- 
pletes the  right-handed  set.  Unit  vectors  along  each  of  these  axes  with  com- 
ponents in  the  I frame  are  given  by  the  expressions. 


zw  = xw  x Yw 

The  components  of  the  above  unit  vectors  form,  respectively,  the  rows  of 
[IW],  i.e. 


» - 
x„. 

xT 

w 

I 

Yw 

= [IW] 

YI 

1 

£ 

N 

— . ,J 

_ZI_ 

The  W frame  is  related  to  the  B frame  through  rotations  involving  the  angle 
of  attack  in  the  pitch  plane  a and  the  sideslip  angle  (3  by  the  transformation 

[BW]  = (3,  - 0)  (2,  - or)  (1,  180) 

where  a is  positive  if  the  vehicle's  nose  is  up  from  and  0 is  positive  when 
the  vehicle's  nose  is  right  of  when  viewed  from  the  rear  of  the  vehicle. 
Figure  3-11  shows  these  angles,  where 

= total  angle  of  attack  between  5£g  and 

+ar  = Xn  above  the  projection  of  V into  the  body  X-Z  plane 

+0  = X to  the  right  of  V projection  into  the  body  X-Z  plane 
Jd  3 

+0  = X_  to  the  right  of  V , sideslip  angle 

D 3 

3.1.10  Earth- Centered  Fixed  Coordinate  System  F 

This  Cartesian  coordinate  system  (Fig.  3-12)  is  fixed  to  the 
earth  and  rotates  with  it,  where 

0 = geometric  center  of  the  earth  reference  ellipsoid 

A A L 

Xp  = vector  from  zero  perpendicular  to  Zp  pointing  to  the 
Greenwich  meridian 

Y_  = vector  from  zero  perpendicular  to  Xp  and  Zp  such  that 

F (X-,,  Y_,Zr)  form  a right-handed  coordinate  system 
^ r r r 

Zp  = vector  from  zero  pointing  along  the  earth  angular  velocity 
vector  n 

e 
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Yb  (left) 


Fig.  3-11.  Aerodynamic  Angles  of  Attack 
in  the  Pitch  and  Yaw  Planes 
and  Sideslip  Angle 


Fig.  3-12,  Earth-Centered  Fixed  Coordinate 
System  F 
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3.  1. 11 


Launch- Centered  Rotating  Coordinate  System  R 
(TMOTM) 


. ; 


This  Cartesian  coordinate  system  is  identical  to  the 
launch- centered  inertial  system  L except  that  it  rotates  with  the  earth  in- 
stead of  being  inertially  fixed.  It  has  the  same  origin  and  the  same  trans- 
lation vector. 

3.  1. 12  Tracking  Station  Coordinate  System  S (TRAKM) 

This  Cartesian  coordinate  system  is  similar  to  the  launch- 
centered  rotating  coordinate  system  R.  It  differs  from  the  R system  in  that 
its  origin  (X.r>  $*)  can  be  other  than  at  the  launch  point  and  its  azimuth 
other  than  downrange  (Fig.  3-13). 


GREENWICH 

MERIDIAN 


I 


1 


1 


4 


Fig.  3-13.  Tracking  Station  Coordinate  System  S 


r 
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3.  2 COORDINATE  TYPES 


Several  coordinate  types  (measurements  necessary  to  specify 
the  position  and  velocity  of  an  object  relative  to  a particular  coordinate  sys- 
tem) are  used  in  TRP.  In  this  section,  some  of  the  more  basic  coordinate 
types  are  described;  note  that  the  symbols  used  here  do  not  match  those  used 
in  Sec.  2,  Vol.  II. 
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2.2.1  Earth- Centered  Inertial  Cartesian  Coordinates 

(TMOTM) 

Earth-centered  inertial  (ECI)  Cartesian  coordinates  may  be 
either  input  to  or  output  from  TRP.  Position  P and  velocity  V in  ECI  coor- 
dinates are  depicted  in  Fig.  3-14,  where 

X = distance  between  zero  and  intersection  of  Xj,  with  the  line 

perpendicular  to  passing  through  P (input  PXIO,  output  PXIP) 

Y = same  as  X except  is  used  (input  PYIO,  output  PYIP) 

Z = same  as  X except  Zj  is  used  (input  PZIO,  output  PZIP) 

X = time  rate  of  change  of  X (input  VXIO,  output  VXIP) 

Y = time  rate  of  change  of  Y (input  VYIO,  output  VYIP) 

Z = time  rate  of  change  of  Z (input  VZIO,  output  VZIP) 


Fig.  3-14.  ECI  Cartesian  Coordinates 


3.2.2 


Spherical  Coordinates  (TMOTM,  ENVRM) 


Position  and  velocity  in  spherical  (ADBARV)  coordinates  are 
shown  in  Fig.  3-15,  where 

— /s  /\ 

A = projection  of  OP  onto  (Xj,  Yj)  plane 
OP  = geocentric  to  point  P 


-a 

J. 


Fig.  3- 15.  Spherical  Coordinates 


V = vector  equal  in  magnitude  and  direction  to  inertial  velocity 

a = right  ascension,  angle  between  X,  and  A (input  RAL,  out- 
put LONVI) 

6 = declination,  geocentric  latitude  (input  LTCL,  output  LTCV) 

P = zenith  angle,  angle  between  OP  and  V;  TRP  uses  yj.  = 

P - 90  deg,  inertial  flight  path  angle  (input  GAMI, 
output  GAMI) 

A = inertial  azimuth,  angle  between  true  north  and  projection  of 
V onto  the  plane  normal  to  OP  (input  AZVI,  output  AZVI) 

r = radius,  length  of  OP  (input  RADL,  output  RGRV) 

V = magnitude  of  inertial  velocity  V (input  VMI,  output  VMI) 

3.2.3  Geographic  Coordinates  (TMOTM) 

Position  and  velocity  in  geographic  coordinates  are  shown  in 
Fig.  3-16,  where 

t /V  /\ 

A = projection  of  OP  onto  (Xp,  Yp)  plane 

V = earth  relative  velocity  of  missile  at  P 
a 7 

OP  = geocentric  to  point  P 

GSVP  = geocentric  subvehicle  point  at  intersection  of  OP  with  the 
reference  ellipsoid 
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Fig.  3-16.  Geographic  Coordinates 

h = geographic  altitude  (input  HSLL,  output  H) 

<p  = geographic  latitude  (input  LATL,  output  LATV) 

X = geographic  east  longitude  (input  LONL,  output  LONV) 

V = magnitude  of  air  velocity  vector  (input  VAMIO,  out- 
a put  VAMI) 

•y  = air  relative  flight  path  angle  (input  GAMAO,  output 
GAMA) 

A = air  relative  azimuth  angle  (input  AZVAO,  output  AZVA) 
Orbital  Coordinates 


Orbital  elements  which  represent  the  position  and  velocity  of 
the  missile  at  point  P are  shown  in  Fig.  3-17,  where 

Perifocus  direction  = line  defining  shortest  distance  between  zero 

and  missile  elliptical  orbit 

a = semimajor  axis  of  elliptical  orbit  of  missile 
(output  SMAX) 

e = eccentricity  of  elliptical  orbit  (output  ECCEN) 
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ORBIT  PLANE 


Fig.  3-17.  Orbital  Coordinates 


i = inclination  of  orbit  plane  (output  INCL) 

fi  = right  ascension  of  ascending  node  (output 
NODE) 

u = argument  of  perifocus,  angle  between  equa- 
tor and  perifocus  direction  along  orbit  plane 
(output  ARGP) 

t = time  since  last  perifocus  passage  (output 
TAUPM) 
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SECTION  4 


INTERFACE  DETAILS 
4.  1 DATA  STORAGE 

Several  important  data  storage  areas  within  TRP  are  described 
in  this  section.  These  data  areas  are  important  to  an  understanding  of  the 
program's  design  and  operation,  and  a thorough  knowledge  of  them  is  particu- 
larly important  in  debugging  situations.  These  areas  include  labeled  common, 
the  expandable  BUCKET,  and  card  data  input  storage. 

4.  1.  1 Labeled  Common 

Labeled  common  (LC)  blocks  are  used  for  all  incernal  data 
communication  between  and  within  TRP  modules.  All  computations  are  placed 
there,  and  all  input  parameters  for  equations  reside  there  (Sec.  2.3.3.  1, 

Vol.  II). 

Each  module  functionally  contains  an  I (input)  section,  which 
is  actually  one  or  more  labeled  common  blocks.  Each  module  also  has  a V 
(variable  output)  section,  which  is  also  labeled  common.  The  name  of  the 
labeled  common  block  includes  characters  that  identify  the  module,  whether 
it  is  an  I or  a V section,  and  a number  that  completes  the  name,  e.g. : 

COMMON/STRV1/  Module  STRTM,  V section 

COMMON/ PR0I2/  Module  PROPM,  I section 

4.1.2  Expandable  BUCKET  Usage 

The  concept  of  the  expandable  BUCKET  is  described  in 
Sec.  2.  3.  3. 2 (Vol.  II).  The  mechanism  for  expansion  is  function  CRAL, 
which  is  described  in  Sec.  2.4  (Vol.  II).  Calls  to  this  function  result  in  an 
extension  of  the  field  length  of  the  size  requested.  The  pointer  passed  back 
from  the  CRAL  function  is  a relative  address  to  the  blank  common  called 
BUCKET.  The  areas  in  TRP  that  utilize  CRAL  to  obtain  variable  sized  work- 
ing storage  are  described  in  Table  4-1.  The  order  in  which  they  are  listed  is 
the  nominal  order  in  which  calls  are  expected  to  occur. 
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Table  4-i.  TRP  Subroutines  Using  the  CRAL  Function 


Subroutine 

Module 

Description 

EXPN 

INP1M 

Expands  to  size  of  event  criteria  and  tabular  input.  The  address  of 
individual  pieces  is  not  stored 

MPEXB 

MPEXM 

Requires  seven  cells  for  GTBLU  (general  table  lookup)  function  in- 
termediate storage.  The  address  is  stored  in  LDUM  of  a SERVM 
labeled  common 

PFRS1 

PFRPM 

During  iteration  and  for  the  multiplier  of  MDlT(i)  t 0 (i  = 1,2,  3,4), 
the  contents  of  table  MDlT(i)  determine  the  amount  of  storage  to  re- 
quest. The  address  is  stored  in  MDl(i)  of  a PFRPM  labeled  common 

MDRD 

PFRPM 

During  iteration  there  are  two  options  for  core  allocation.  Let  j = 
MDTPE  + i-1  and  i = 1,2,  3,4: 

PFRPB  PFRPM 


TSPXB  TSPXM 


ITVLS  ITERM 


ITIFM 


1 When  the  TiMD  table  is  not  input,  tape  ITDATl(i)  contains 
the  weighting  m-.rix.  The  core  size  allocated  is  n(n+l)/2* 
number  of  time  frames  (r.  = frame  diagonal  size);  these 
cells  are  stored  in  MDl(j)  of  PFRP  common 

2 When  the  multiplier  t 0,  table  TiMD  specifications  are 
used  to  determine  the  core  size  needed.  The  address  is 
stored  in  MDl(j) 

During  iteration,  the  size  of  the  CEPT  table  is  allocated  and  stored 
in  variable  IRDLT  of  PFRPM.  Twice  NCUP  cells  are  allocated  and 
stored  in  LPVCU  if  this  option  is  chosen 

When  multiple  vehicles  are  being  modeled,  an  array  large  enough 
for  up  to  nine  vehicles  is  allocated  to  store  from  TSPXM  labeled 
common  variable  TSPI1S  to  labeled  common  MVSA+1.  The  address 
is  stored  in  VEHL(ni),  where  m = 1 through  9 

During  iteration,  NITV  cells  (the  number  of  parameters  in  the  ITVT 
table)  are  requested  fov  the  current  solution  vector,  and  the  address 
is  stored  in  variable  GMK  of  ITERM  common.  The  address  of  NITV 
cells  for  perturbation  increments  is  stored  in  LDLI,  and  the  address 
of  NITV+1  cells  is  stored  in  IMAGT  for  keeping  track  of  iteration 
images 

During  iteration,  several  variable  sized  arrays  are  allocated.  The 
following  list  of  ITIFM  labeled  common  variables  contains  the  vari- 
able name  in  which  the  address  of  requested  size  is  found,  in  the 
order  in  which  they  are  requested: 

FXRES  Size  NFIX,  to  save  CVRT  residuals 

TIRES  Size  NTP1,  to  save  tape/table  residuals 

. (when  applicable) 


T9RES  Size  NTP9 

FXPAR  Size  NFIX,  for  saving  CVRT  partials  (one  column) 

T1PAR  Size  NTP1,  for  saving  tape/table  partials,  when 

. applicable  (one  column,  sequentially) 


T9PAR  Size  NTP9 


Table  4-1.  TRP  Subroutines  Using  the  CRAL  Function  (Continued) 


Subroutine 

Module 

Description  j 

T1BUF 

Size  NPTl{i)+2  if  multiplier  TiVAL  < 0 (i  = 1 through 
9)  for  observation  data  buffer,  or  NTPl(i)*NTPl(i)  / 
NVAR(i)  limited  to  512  for  data  on  tape  when  TiVAL 
table  is  not  input 

T9BUF 

TiPLV 

Size  (3  -NVAR(i)<2)  if  TiPLF  / 0,  to  store  one  frame 
of  data  for  plot  tape  (i  = 1 through  95 

RMS(i) 

Size  NVAR(i),  to  store  standard  deviation  of  TiRES 
for  editing  in  PFRPM  (i  = 1 through  9) 

LAUX(i) 

Size  NVAR(i)  + l,  to  store  auxiliary  variable  flags  for 
TiCVT  names  (i  = 1 through  9) 

TiCVR 

Size  NTPi(i)  if  TiNMF  ^ 0,  to  store  values  of  func- 
tion for  normalized  observations  (i  = 1 through  9) 

FXVR 

Size  NFIX:'2  + 3,  to  store  values  of  functions  in  CVRT 
table  plus  a posteriori  standard  deviations  of  first 
three  ITVT  functions 

LCFF 

Size  NFIX,  to  store  completion  flags  for  CVRT 
variables 

MAX 

ITERM 

Several  arrays 
mizing  ITRF  = 

are  required  for  the  process  of  maximizing  or  mini- 
1: 

LPO(i) 

Size  equal  to  the  number  of  parameters  in  the  ITVT 
associated  with  MAX,  N (i  - 1 through  11) 

LEV 

Size  if  INET  has  not  been  input 

LG  MX 

Size  ITVS  to  save  values  of  standard  ITVT  param- 
eters at  a maximum  function  point 

INTXB 

INTXM 

Several  arrays  of  size  NIV  (maximum  number  of  integration  vari- 
ables, a preset  input)  are  uaed  with  model  B: 

LVAR 

NIV  cells  for  location  of  integration  variable 

LDER 

NIV  cells  for  location  of  integration  variable 
derivative 

LCOD 

NIV  cells  for  integration  variable  option 

LLK 

NIV  cells  for  integration  variable  sequence  number 

LSY 1 

NIV  cells  for  intermediate  derivative  storage 

LSY2 

NIV  cells  for  intermediate  variable  storage 

LSY3 

NIV  cells  for  extra  precision  accumulation 

NORDRZ 

Size  9?NIV  when  Adams -Moulton  integration  method 
is  chosen 

INTXC 

INTXM 

Several  arrays 

of  size  NIV  are  required  with  model  C (see  INTXB): 

LVAR  \ 

• 

Size  NIV  (each) 

LSY3  ' 

Table  4-1 


TRP  Subroutines  Using  the  CRAL  Function  (Concluded) 


i 


V 
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Subroutine 

Module 

Description 

3 

‘h 

INTXD 

INTXM 

Several  arrays  of  size  NIV  are  required  with  model  D (similar  to 
INTXB,  but  allocation  is  performed  in  a slightly  different  order): 

"S 

LVAR 

* 

1 

i 

> Size  NIV  (each) 

>i 

LLK  | 

% 

LSY3  1 

£ 

LSY1 

i 

4 

LSY2 

s 

ADM2I 

INTXM 

Allocates  core  for  model  D associated  with  past  values  of  derivatives 
for  variable  step  size  option 

i 

N0RD2 

Size  NIWAM0RDR 

l 

5 

INS4 

INFXM 

Allocates  from  500  cells  up  to  the  size  of  the  table  for  storing  one  or 
more  data  frames  for  tables  PLOTT  and  PL0T2T.  Variables  ILCA  and 
ILCB  contain  the  location  of  the  buffer  whenever  these  tables  are  input 

4 

-j 

s 

$ 

TRS1 

TRAKM 

Allocates  k arrays  (k  = 0,1, 2,  3)  to  contain  the  input  and  output  labeled 
commons  for  TRAKM  model  1,  depending  on  how  many  radars  are 

simulated. 

LTSI  contains  the  starting  location  of  k input  common  ar- 

J| 

rays.  LTSV  contains  the  starting  location  of  k output  common  arrays 

CRAL2 

PFRPM 

When  the  intermediate  storage  buffer  of  size  NBS  in  PFRPM  is  ex- 
ceeded during  iteration,  the  overflow  causes  calls  to  CRAL  to  be 
executed.  A buffer  array  will  not  be  split,  but  will  reside  in  one 

s / * 

t, 

1 

area  or  the  other 

i 

CRAL  may  be  used  to  fill  several  arrays  in  TRP41: 

■j 

DSICID 

Size  (ITVS  + 1 )(ITVS+2)/2 

l 

CKSTR 

Size  (ITVS)(ITVS  + l)/2 

1 

*3 

SIGMA 

Size  ITVS 

•? 

LGK 

Size  ITVS 

GMKO 

Size  ITVS 

GMK1 

Size  ITVS 

1 

STDEV 

Size  ITVS 

ITVNAM  Size  NITV 

CVRNAM  Size  NFIX 

PFR1  has  one  array  when  NQP  i 0: 

j 

OOVQ 

Size  NQP*(NQP+i)/2 

! 

PFRP1  has  three  arrays  when  EIGF  i 0: 

i 

IGVL 

Size  ITVS  for  eigenvalues 

IGVC 

Size  ITVS*ITVS  for  eigenvectors 

s 

NMTI 

Size  ITVS*ITVS  for  decomposition  inverse 

INP1M 

INP1M 

Sets  field  ljngth  to  the  initial  field  length  whenever  a control  card  1. 
is  read  and  just  before  T9300  processing 

3 

r 
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Card  Data  Input  Storage 


The  input  data  cards  are  processed  by  INP1M  and  are  left, 
for  TRP  use,  in  three  separate  areas:  event  criteria  data  (ECL),  tabular  data, 
and  general  data.  All  three  areas  are  sorted  for  quick  retrieval  by  process- 
ing routines.  The  first  two  sections,  ECL  and  tabular  data,  are  placed  at  the 
beginning  of  the  BUCKET.  General  data  is  placed  on  ECS.  The  sorting  for 
all  three  areas  is  first  on  vehicle  number,  then  on  ESN,  then  module,  and 
finally  on  symbol  name. 

The  precise  format  for  event  criteria  data  is  shown  in  Table  4-2, 
for  tabular  data  in  Table  4-3,  and  for  general  data  in  Table  4-4.  All  three 
input  areas  are  in  module  INP1M. 


M 


% 
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Table  4-2.  BUCKET:  Event  Criteria  Section 


Word  No. 

Word  Content 

Description 

1 

Size  (y  - 1) 

ECL  data  size 

2 

Vehicle  no. 

Vehicle  identifier  (1, 2,  etc. ) 

3 

Size  (P  - 2) 

Number  of  words  for  this  vehicle 

4 

ESN 

Event  sequence  number 

5 

Size  (a  - 4) 

Number  of  words  for  this  ESN 

6 

Type 

Event  type 

' 7 

Model 

Name  of  model  used  to  compute  time  to 
go  (tg) 

8 

Variable 

Variable  (x)  used  to  compute  tg 

• 

9 

Value 

Desired  value  (xq) 

Number 

10 

Derivative 

Derivative  of  variable  (x)  if  computed 

of  words 

11 

Tolerance 

Allowable  tolerance 

per 

event 

12 

Preset  value 

Internally  preset  value  of  variable  at 

criter- 

location 

event  time 

ion  = 10 

13 

Cross 
vehicle  no. 

14 

Auxiliary  computation  flags  for  the 

15 

variable,  derivative,  and  preset  value, 

l 16 

respectively 

17 

• 

• 

• 

Next  criterion  for  this  event 

• 

a 

ESN 

Next  ESN 

Size 

Number  of  words  for  this  ESN 

Type 

Event  type 

a + 3 

Event  criteria 

Ten  words  are  required  for  each  event 

data  for  this 

criterion  at  each  event:  The  size  indi- 

ESN 

cates  how  many  event  criteria  per  event 
and  ordering  indicates  the  event  criter- 

ion  number 

P 

Vehicle  no. 
Size 
* 

Next  vehicle 

V 

• 

Table  data 
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Table  4-3 


BUCKET 


Table  Section 


Word  No. 

Word  Content 

Description 

1 

Size  («■  - 1) 

Table  data  size 

2 

Vehicle  nc. 

3 

Size  (<r  - 1) 

Number  of  words  for  this  vehicle 

4 

ESN 

Event  sequence  number 

5 

Size  (6-3) 

Number  of  words  for  this  ESN 

6 

Module  name 

7 

Size  (y  - 5) 

Number  of  words  for  module 

8 

Table  name  location 

Table  location  in  labeled  common 

9 

Size  <P  - 7) 

Number  of  words  for  this  table 

10 

Subtable  no. 

Subtable  no.  (zero  if  not  a subtable,  negative  if  T 
type  table) 

11 

Seven  words  of 
Table  IDa 

or 

Argument3 

Table  lookup  argument  location  (zero  if  a constant 
value  table) 

Auxiliary  flaga 

Value  if  constant  value  table 

. 

Option1  >b 

Interpolation  type 

• 

Cross  reference1’*3 

Cross  reference  location  of  table  data 

• 

Three  words  of  temporary  storage  provided  for 
this  table  to  be  used  by  GTBLU  (general  table 
lookup  subroutine) 

Tabular  data*3 

Table  data  block 

p 

Table  name  location 
Size 

Next  table 

V 

Module  name 

Next  module 

6 

ESN 

Next  ESN 

• 

Size 

€ 

Vehicle  no. 

Next  vehicle 

• 

Size 

O’  - 1 

End  table  data 

aFor  I type  tables  only. 

bNot  used  for  constant  value  tables. 
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Table  4-4.  ECS:  General  Data  Section 


Word  Content 


Size  (y  - 1) 
Vehicle  number 
Size  (6  - 1) 


Size  (P  - 3) 

Ten  words  of 
event 


Identification 
Module  name 
Size  ( a - 15) 
Symbol  location 
Data  word 
Auxiliary  flag 


Description 


General  data  size 


Number  of  wc  ~ds  for  this  vehicle 
Event  sequence  number 
Number  of  words  for  this  ESN 


Alphanumeric  data 


Number  of  words  for  this  module 

There  are  three  words  for  each  piece  of  input  data: 
word  1 contains  the  BASKET  relative  labeled  com- 
mon and  the  location  of  the  input  symbol,  word  2 is  a 
data  word,  and  word  3 is  an  auxiliary  data  flag 


a + 1 
or  + 2 
a + 3 
a + 4 


Module  name 
Size 

Symbol  location 
Input  data  word 
Auxiliary  flag 


Next  module 


Next  ESN 

Number  of  words  for  this  ESN 


Vehicle  number 


Next  vehicle 

Number  of  words  for  this  vehicle 


End  general  data 
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CARD  DATA  INPUT 


This  section  provides  a complete  description  of  the  data  input 
techniques  designed  for  the  simulation.  The  mechanics  of  card  input  are 
thoroughly  discussed.  In  Sec.  4.2.  i the  input  card  format  is  described  and 
various  input  options  are  defined.  Section  4.2.2  deals  with  the  preparation 
of  the  symbolic  data.  Every  possible  type  of  input  is  described  in  detail,  and 
examples  of  each  type  of  input  are  given. 


4.2.1 


Input  Card  Format 


The  input  card  is  divided  into  four  fields:  a control  field  and 
three  parameter  fields.  The  control  field  contains  the  information  necessary 
to  assign  the  three  parameter  fields  to  a module,  a vehicle,  and  an  ESN  (event 
sequence  number).  It  also  contains  a one- column  code  to  identify  the  type  of 
data  being  input,  e.  g. , tabular  data,  event  criteria  data,  or  general  input 
(Sec.  4.2.2).  Each  parameter  field  consists  of  an  information  field  code,  an 
address  field,  »r.«i  an  information  field.  The  iiformation  field  contains  either 
the  input  value  or  a symbol.  The  address  fielc  contains  a symbol  or  relative 
address,  and  the  information  field  code  classifies  the  information  field  as  to 
decimal,  integer,  octal,  or  symbolic  data. 

The  standard  input  form  (Fig.  4-1)  was  designed  to  simplify 
the  task  of  filling  out  input  sheets.  Its  use  will  minimize  input  errors.  The 
correspondence  between  the  input  data  form  format  and  the  input  card  format 
is  obvious.  The  four  major  input  fields  (the  control  field  and  the  three 
parameter  fields)  plus  the  identification  field  have  each  been  placed  on  a 
separate  line,  and  each  major  field  has  been  divided  into  the  proper  subfields. 


4.2.  1.  1 


Card  Column  Assignments 


The  card  column  assignments  are  shown  in  Fig.  4-2.  The 
control  field  occupies  cc  i through  9 and  is  subdivided  as  follows: 


The  module  name  is  assigned  to  cc  1 through  5 


The  vehicle  number  is  assigned  to  cc  6 (o^  extended 
vehicle  1 ESN) 


AEROSPACE  CORPORATION 


MODULE  NAME 


VEHICLE  NUMBER 
OR  EXTENDED 
ESN 

\ EVENT  SEQUENCE  NUMBER 


CONTROL  FIELD 
PARAMETER  FIELD  1 
PARAMETER  FIELD  2 
PARAMETER  FiELD  3 


t 

• 

1_  11  i 

r~ 

10 

ii 

I i i i i 

1 

4A 

17  J21  \2% 

1 I -1  1 • l I i 1 i I J 1 
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S3 

1 1 1 1 1 

; 

M 

1 1 1 1 1 1 1 1 1 1 1 1 1 

n 

• S 

1 — 1 — 1 1 1 — 

a 

II 

-1  1-1 1 » 1 1 1 1 1 1 1 1 

/ f 


INFORMATION  COOE  ADDRESS 
FIELD  FIELDS 


INFORMATION 

FIELDS 


♦ 

CARD  IDENTIFICATION 
OR  SEQUENCE  NUMBER 


Fig.  4-2.  Card  Column  Assignments 

• The  ESN  is  assigned  to  cc  7 and  8 

• The  card  code  is  assigned  to  cc  9 

The  first  parameter  field  occupies  cc  10  through  30;  the  second 
parameter  field  cc  31  through  51;  and  the  third  parameter  field  cc  52  through 
72.  The  three  parameter  fields  are  subdivided  as  follows: 


• The  information  codes  each  occupy  one  column  and  are 
assigned  to  cc  10,  31,  and  52. 

• The  address  fields  each  occupy  six  columns  and  are  assigned 
to  cc  11  through  16,  32  through  37,  and  53  through  58. 

• The  information  fields,  which  contain  the  input  parameter  cr 
symbol,  each  occupy  14  columns  and  are  assigned  to  cc  17 
through  30,  38  through  51,  and  59  through  72. 

Card  columns  73  through  80  may  be  used  for  card  identification  or  sequencing 
or  both. 


4.  2.  1.2  Module,  Vehicle,  and  ESN  Identification 

4.  2.  1.  2.  1 Module  Identification 


All  input  classified  as  general  or  tabular  (Secs.  4.  2.  2.  4 and  4.  2.  2.  6) 
is  associated  with  a specific  module.  For  general  data,  its  name  should  be 
placed  in  cc  1 through  5 of  each  input  card  (but  only  on  the  first  card  for 


tabular  data).  All  modules  in  the  system  (except  INPPM)  may  receive  input 
data.  In  every  module  name,  the  character  0 is  the  number  zero  (except  for 
OLSTM).  All  modules  in  the  system  are  described  in  detail  in  Sec.  2, 

Vol.  II,  with  a list  of  associated  inputs. 


4.2.  1.2.2 


Vehicle  Identification 


All  input  data,  except  control  cards  (Sec.  4.  2.  2.7)  input  to 
modules  MPEXM  or  PFRPM  and  header  cards  (Sec.  4.  2.  2.  1),  are  associated 
with  a specific  vehicle,  which  has  a unique  vehicle  identification  number  that 
must  be  placed  in  cc  6 of  the  input  cards.  Optionally,  cc  6 may  be  used  to 
extend  the  ESN  through  199  for  vehicle  1.  Thus,  vehicle  1 is  never  explicitly 
indicated.  Input  data  for  as  many  as  nine  vehicles  can  be  processed  and  used 
in  the  simulation. 


4.2.  1.2.3 


ESN  Identification 


All  input  data  associated  with  an  event  must  have  that  event's 
sequence  number  in  cc  7 and  8 (and  sometimes  6);  for  input  not  associated 
with  an  event,  these  card  columns  are  ignored.  The  ESNs  are  chosen  by  the 
user  from  the  set  of  positive  integers  (1,  2,  . . . , 199).  ESNs  for  vehicles 
2 through  9 are  limited  to  1 through  99. 


4.2.  1.3 


Card  Codes 


The  card  code  (cc  9)  assigns  the  card  input  to  one  of  several 
input  classifications;  it  may  be  a blank  or  one  of  the  following  letters:  H,  E, 
L,  Z,  I,  T,  C,  A,  or  P.  The  format  is  discussed  in  Sec.  4.2.2. 


4.2.  1.4 


Information  Field  Codes 


The  information  field  codes  (cc  10,  31,  and  52)  indicate  the 
type  of  conversion  required  for  each  information  field  (17  through  30,  38 
through  51,  and  59  through  72).  The  following  symbols  are  permissible 
codes:  blank  (no  punch),  B,  D,  H,  P,  I,  S,  T,  M,  and  C,  X,  A. 
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4.2.  1. 4.  1 


Decimal  Data  (Blank) 


A blank  indicates  that  the  information  field  contains  decimal 
data  (Sec.  4.  2.  1.  6). 

4.  2.1.4.  2 Octal  Data  (B) 

The  letter  B indicates  that  the  information  field  (last  12  columns 
only)  contains  octal  data  (Sec.  4.  2.  1.  6). 

4.  2.  1.4.  3 Symbolic  Data  (D  or  H) 

The  letter  D indicates  that  the  corresponding  information  field 
(first  six  characters)  contains  alphanumeric  characters  (Sec.  4.2.  1.6).  These 
characters  must  be  a legal  TRP  name  in  labeled  common.  The  letter  H is  the 
same  as  the  letter  D without  the  legal  name  restriction,  as  for  identifiers. 

4.  2.  1.4.  4 Extra  Precision  (P) 

The  letter  P indicates  that  the  number  has  extra  precision  and 
is  located  in  the  21  columns  of  the  next  parameter  field.  The  six  columns 
following  the  P designate  the  address,  and  the  next  fourteen  columns  are 
ignored  (Sec.  4.  2.  2.  4 and  Fig.  4-1). 

4.  2.  1.4.  5 Replacement  (S) 

The  letter  S indicates  that  the  information  field  contains  the 
name  of  a variable  whose  contents  replaces  the  address  field  variable  con- 
tents at  the  time  of  event  initiation. 

4.  2.  1.4.  6 Integer  Data  (I) 

The  letter  I indicates  that  the  information  is  for  an  integer 
type  variable.  The  format  of  the  input  is  the  same  as  that  of  decimal  data, 
including  the  decimal  point,  but  the  number  is  truncated  and  converted 
internally. 
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4.2.  1.4.7 


Time  Conversion.  (T) 


x / 


The  letter  T indicates  that  the  information  field  contains  two 
digits  each  for  day,  hour,  and  minute  and  eight  digits  for  seconds  and  frac- 
tions. This  code  may  be  us«.d  instead  of  the  decimal  data  form. 

4.  2.  1.4.  8 Angle  Conversion  (M) 

The  letter  M indicates  that  the  information  field  contains  four 
digits  for  sign  and  degree,  two  digits  for  minute,  and  eight  digits  for  seconds 
and  fractions.  This  code  maybe  used  instead  of  the  decimal  data  form. 

4.2.  1.4.  9 Constant  Table  (C) 

The  letter  C is  used  as  an  information  field  code  in  conjunction 
with  card  code  I to  indicate  a constant  value  table  (Sec.  4.2.2.  5).  It  is  used 
only  in  cc  10. 

4.2.1.4.10  Deletions  (X) 

The  special  code  X is  used  for  deletion  of  previously  Input  data 
(Sec.  4.  2.  2.  9). 

4.2.1.4.11  Table  Alterations  (A) 

The  special  code  A is  used  for  either  interpolation  I type 
(Sec.  4.  2.2.  5)  or  for  the  special  T type  (Sec.  4.  2.  2.  6)  table  alterations. 

4.  2.  1.5  Address  Fields 

The  address  field  associates  a specific  input  cell  within  the 
specified  module  with  the  corresponding  information  field.  The  address  field 
may  contain  a symbolic  name  or  a numeric  character,  or  it  may  be  left  blank, 
depending  on  the  card  code  and/or  the  information  field  code. 

4.  2.  1.  5.  1 Symbolic  Address 

If  any  nonnc.meric  character  other  than  av  blank  is  entered  in 
the  address  field,  it  is  assumed  that  the  field  contains  a symbolic  address. 
Every  symbol  used  in  an  address  field  must  be  listed  in  the  dictionary  of  the 
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specified  module.  This  dictionary  assigns  the  symbol  to  the  desired  input 
cell  core  address.  The  symbol  may  be  located  anywhere  within  the  address 
field. 

4.  2.  1.5.  2 Relative  Address 

If  the  address  field  contains  all  numeric  characters,  the 
contents  of  the  information  field  are  assigned  to  a core  address  relative 
to  the  core  address  of  the  previously  entered  symbol.  The  contents  of  the 
address  field  are  interpreted  as  a right-justified  integer,  and  the  core  assign- 
ment is  equal  to  the  address  of  the  previously  entered  symbol  plus  this  integer. 

4.  2. 1.6  Information  Fields 

The  information  fields  may  contain  symbolic  data,  decimal 
data,  octal  data,  or  extra  precision  data.  Certain  special  control  information 
can  also  be  specified  (Sec.  4.  2.  2.  5). 

4.  2.1.6.  1 Symbolic  Data 

Symbolic  data  (field  codes  H,  S,  D)  use  the  first  six  characters 
in  the  information  field  and  need  not  be  left- justified;  this  is  done  internally 
(Sec.  4. 2.  2.  4). 

4.  2.  1.6.  2 Decimal  Data 

Whenever  the  information  field  code  is  blank  or  I,  the  value  in 
the  information  field  is  treated  as  a floating  point  number. 

A decimal  number  is  represented  by  a string  of  decimal  digits 
with  a decimal  point  and  may  contain  an  exponent  representing  a power  of 
ten.  The  various  forms  are  the  following: 

n.  n n.  .n  n.  nE±S  n.  E±S  .nE±S 

where  n is  the  base  and  S is  the  exponent  to  the  base  10.  The  plus  sign  may 
be  omitted  for  positive  S,  and  the  maximum  S is  308.  The  number  may  be 
placed  anywhere  within  the  information  field  as  long  as  the  blank  columns 
(treated  as  zeros)  do  not  affect  the  magnitude.  If  the  form  E±S  is  used,  it 
must  be  right-justified. 
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4.2.  1.6.3 


Octal  Data 


When  octal  data  have  been  specified  (by  placing  the  letter  B 
in  the  parameter  code  field)  the  last  twelve  characters  in  the  information  field 
are  converted  to  form  one  input  w-ord.  Blanks,  whether  leading,  trailing,  or 
embedded,  are  treated  as  zeros;  any  nonoctal  character  causes  an  error 
condition. 

4.  2.  1.6.  4 Extra  Precision  Data 

Extra  precision  data  are  of  the  same  form  as  decimal  data 
except  that  they  are  placed  in  the  next  parameter  fieid  of  21  columns  instead 
of  the  normal  14-column  information  field  (Sec.  4.  2.  2.  4.  2). 


4.  2.  2 Preparing  the  Symbolic  Data 

The  task  of  preparing  the  symbolic  data  consists  of  trans- 
cribing to  input  forms  the  data  that  describe  a vehicle  (or  vehicles)  and  a 
mission  profile.  The  resulting  symbolic  deck  of  input  cards  is  called  a 
symbolic  milestone  deck. 

It  is  suggested  that  the  following  order  be  used  when  preparing 
a symbolic  milestone: 


• Identify  the  milestone  with  headei  cards. 

• Assign  an  ESN  to  each  event  in  the  mission  profile,  and 
prepare  event  identification  cards  for  each  one. 

• Prepare  the  event  criteria  input  data. 

• Select  the  models  to  be  used  in  each  module  for  each  vehicle 
and  each  phase  of  the  mission  profile,  and  then  prepare  all 
general  input  data. 

• Prepare  all  tabular  data. 

• Select  the  control  cards. 


4.  2.  2.  1 Header  Card  (H  or  P) 

The  card  code  H or  P indicates  that  the  card  contains  header 
information  for  a run.  The  contents  of  cc  11  through  70  is  printed  at  the  top 
of  the  run  output.  A maximum  of  50  header  cards  may  be  used,  but  none  are 


4-16 


a/dfctecAarti jjaaaSaMltaiaBi&  n - SiMflaaiiM at 


actually  required.  The  module  name,  vehicle  number,  and  ESN  are  not 
germane  to  this  input;  cc  1 through  8 are  ignored. 

The  contents  of  these  cards  is  not  saved  in  core  and  cannot  be 
made  part  of  a binary  milestone. 

The  H header  card  is  also  used  for  user  comments  to  be  in- 
cluded on  the  9300  output  tape.  This  usage  requires  that  special  characters 
(MS)  be  put  in  cc  11  and  12  (Sec.  4.5) 

A header  card  that  might  be  used  to  describe  a symbolic  mile 
stone  is  shown  in  Fig.  4-3. 


1 ,S  ,S  !I  ,L;E 


UiMiB  iEiRi  ,1 


I 1 I I I 1 


C.A.R.D, 


Fig.  4-3.  Sample  Header  Card 


4.2.2.  2 Event  Identification  Card  (E) 

The  card  code  E indicates  that  the  card  contains  event  identifi- 
cation information.  The  sixty  BCD  characters  in  cc  10  through  69  are  printed 
with  the  normal  output  print  at  the  event  identified  in  cc  7/8  for  the  specified 
vehicle  (cc  6).  The  module  name  is  not  germane  to  this  input;  cc  i through  5 
are  not  processed.  Only  the  last  event  identification  card  input  is  used  for  a 
given  vehicle  and  ESN  combination.  When  no  E card  is  specified  for  an  event, 
storage  is  still  allocated  for  event  identification,  but  it  is  set  with  blanks. 

The  examples  that  follow  (Fig.  4-4)  illustrate  event  identifica- 
tion cards  for  ESNs  10  and  112.  The  vehicle  number  in  both  cases  is  1. 


1 

Fig.  4-4.  Sample  Event  Identification  Cards 

4.  2.  2.  3 Event  Criteria  Data  (L) 

The  card  code  L indicates  the  start  of  event  criteria  data,  the 
set  of  inputs  that  determines  the  occurrence  of  events.  Data  for  each  event 
always  include  a number  that  represents  the  event  type,  the  name  of  the 
criterion  option,  the  variable  name,  and  a value  for  the  variable  used  in  the 
criterion  option.  Depending  on  the  number  and  type  of  event  criteria  options 
specified,  this  set  may  also  include  the  criterion  number,  the  derivative  name, 
a cross  vehicle  reference,  the  tolerance,  and  the  name  of  an  internally  com- 
puted value. 

4.  2.  2.  3.1  Address  and  Information  Fields 

The  address  field  must  always  contain  the  relative  address 
( right- justified)  code  of  the  input  in  the  information  field.  The  relative 
addresses  for  the  nine  possible  inputs  are  listed  below.  The  order  need  not 
be  as  indicated,  and  inputs  marked  with  an  asterisk  need  not  be  entered  if 
inapplicable. 
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Relative  Address  Codes  Input 

n1* 

0 Event  type,  preset  primary  type  1 

1 Criterion  number,  preset  i 

2 Criterion  option  (alphanumeric),  preset  Gi 

3 Variable  name  (alphanumeric) 

4 Variable  value  to  be  satisfied  or  increment 

«JU 

5 Derivative  name  (alphanumeric)^ 

j}C 

6 Tolerance 

7 Name  of  internally  computed  value 
(alphanumeric)* 

8 Cross  vehicle  number 

Allowable  quantities  for  alphanumeric  inputs,  except  for  criterion  options,  are 
variables  located  in  the  I/V  section  of  any  module  (input  or  variable  output).  For 
any  one  set  of  inputs,  the  control  field  on  all  but  the  first  card  must  be  left  blank. 


4.  2.  2.  3.  2 
4.  2.  2.  3.  2.  1 


Event  List  Format 


Event  types  are  defined  and  the  philosophy  of  event  classifica- 
tion is  discussed  in  Sec.  1.3.  The  number,  with  decimal  point,  that  repre- 
sents the  event  type  must  be  entered  in  the  information  field  opposite  relative 
address  zero.  The  following  values  represent  the  types  available: 

0.  = primary  type  one  (preset) 

1.  = secondary  type  one 

2.  = primary  type  two 

3.  = secondary  type  two 

4.  = primary  type  three 

If  the  type  is  not  specified,  a zero  (primary  type  one)  results. 

4.  2.2.  3.2,2  Criterion  Number  ( 1) 


I** 


criterion,  and  the  criterion  number  must  be  entered  in  the  information  field 
opposite  relative  address  one.  The  maximum  number  of  criteria  that  may 
be  specified  between  two  primary  type  one  events  is  currently  set  at  eight. 

4.  2.  2.  3.  2.  3 Criterion  Option  (2) 

The  name  of  the  criterion  option  is  the  input  that  determines 
the  method  or  equation  to  be  used  in  computing  time  remaining  to  an  event. 

The  desired  name  is  entered  alphanumerically  in  the  information  field  opposite 
relative  address  two.  If  the  option  is  not  entered,  a G1  option  results.  The 
call  words  for  the  permissible  event  criterion  options  are  defined  in  Table  4-5. 

4.  2.  2.  3.  2. 4 Variable  Name  (3) 

In  all  criterion  options,  the  name  of  the  variable  to  be  used  in 
the  computation  of  time  remaining  (X)  must  be  specified.  The  selected  name 
is  entered  as  an  alphanumeric  input  (D  code)  in  the  information  field  opposite 
relative  address  3. 

4.2.2.  3.2.5  Variable  Value  (4) 

A numeric  value  for  the  variable  used  in  the  criterion  option 
is  always  required.  The  specific  use  of  this  value  is  a function  of  the  cri- 
terion option  selected.  The  required  value,  if  known,  is  entered  as  a decimal 
number  opposite  relative  address  4.  If  the  required  value  is  unknown  except 
as  a function  of  an  internal  computation  within  the  program,  it  can  be  speci- 
fied as  described  by  relative  number  7.  In  this  case,  the  value  specified  is 
considered  an  increment  (Xj). 

4.  2.  2.  3.  2.  6 Derivative  Name  (5) 

If  the  derivative  X is  a program  variable,  the  name  of  this 
derivative  should  be  entered  as  an  alphanumeric  input  (D  code)  in  the  informa- 
tion field  opposite  relative  address  5.  If  the  derivative  name  is  not  available 
or  not  specified,  the  derivative  is  computed  by  TRP  . When  X and  Xq  are 
in  units  of  time,  an  alphanumeric  derivative  of  FP1  (floating  point  1.0)  must 
be  specified. 
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Table  4-5.  Event  Criterion  Option  Call  Words 


Criterion  Option 
Call  Word 


Description 


Time  remaining  until  the  event  (tg)  is  computed  by  the 
equation 

Xn  - X + XT 


where 

Xq  = value  entered  in  relative  address  4 or  value  of 
the  variable  whose  name  is  entered  in  relative 
address  7 

X = value  of  the  variable  whose  name  is  entered  in 
relative  address  3 

Xj  = value  entered  in  relative  address  4 if  relative 
address  7 has  an  entry  (otherwise  zero) 

X = value  of  the  variable  whose  name  is  entered  in 
relative  address  5 or  (if  relative  address  5 has 
no  entry) 

(X.  - X.  .) 

Y 1 1-1 

(t.  - 1.  .) 

' l l-l 

where  i denotes  the  present  computation  cycle. 

Same  as  G1  except  that  the  time  remaining  until  the  next 
event  is  set  to  the  absolute  value  of  the  computed  value 
in  Gl. 

If  the  numerator  of  the  tg  equation  is  zero,  tg  is  set  to 
zero;  if  not,  tg  is  set  to  oo.  The  derivative  is  never 
used. 

The  derivative  X must  be  positive,  otherwise  tg  is  set 
to  oo. 

The  derivative  X must  be  negative,  otherwise  tg  is  set 
to  no. 

If  the  numerator  of  the  tg  equation  is  less  than  or  equal 
to  zero,  tg  is  set  to  zero;  if  not,  tg  is  set  to  oo.  The 
derivative  is  not  used. 

Same  as  G8  except  that  the  numerator  is  greater  than  or 
equal  to  zero. 


4.  2.  2.  3.  2. 7 Tolerance  (6) 


A cutoff  tolerance  may  be  specified  (in  units  of  the  variable) 
opposite  relative  address  6.  If  the  numerator  computed  by  the  equation  for 
tg  is  less  than  or  equal  to  this  value,  it  is  considered  zero.  If  a tolerance 
is  not  specified,  a time  parameter  computed  in  CYCXM  called  en  (ENOIS)  is 
used  as  the  tolerance  in  seconds  for  the  computed  tg. 

4.  2.  2.  3.2.8  Name  of  Internally  Computed  Value  (7) 

If  the  required  value  of  the  variable  (normally  entered  in  rela- 
tive location  4)  is  a function  of  an  internal  computation  (and  hence,  unknown 
at  input  time),  the  symbolic  name  of  the  computed  value  may  be  input  as  an 
alphanumeric  (D  code)  in  the  information  field  opposite  relative  location  7. 
When  this  parameter  is  used,  the  value  in  relative  address  4 is  considered 
an  increment  in  the  same  units  as  the  variable. 

4.  2. 2.  3. 2. 9 Cross  Vehicle  Reference  (8) 

This  entry  is  a VESN  (ESN  from  another  vehicle)  that  furnishes 
a time  value  for  the  current  vehicle  to  match.  This  entry  is  an  alternate  to 
entries  3,  5,  and  7.  Event  initiation  is  made  on  whichever  occurs  first. 

4.2.2.3.2.10  Examples 

The  input  required  to  execute  a primary  type  one  event,  identi- 
fied by  ESN  12,  when  the  simulation  time  equals  20  sec,  is  shown  in  Fig.  4-5. 

The  input  required  to  execute  a type  one  secondary  event 

(ESN  115)  when  the  weight  of  propellant  W = 100  lb  i'  shown  :.n  Fig.  4-6. 

. P ^*P 

The  derivative  in  this  case  is  known  (W  ). 

prp' 

The  input  required  to  set  up  a second  criterion  for  the  determi- 
nation of  an  event  (ESN  115)  is  shown  in  Fig.  4-7.  The  criterion  shown  causes 
the  event  to  be  110  sec  after  the  occurrence  of  the  previous  type  one  primary 
event.  If  the  condition  established  in  Fig.  4-6  for  this  event  is  met  first, 
the  second  criterion  is  ignored. 
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Fig.  4-7.  Sample  Second  Criterion  Input 

4.  2.  2.  4 General  Data  ( ) 

The  card  code  "blank"  indicates  that  the  card  contains  general 
input  data.  The  information  in  each  of  the  three  parameter  fields  of  the  card 
is  assigned  to  the  input  section  of  the  specified  module  for  the  specified 
vehicle  and  ESN.  During  program  execution  (at  the  execution  of  the  specified 
event  for  the  specified  vehicle),  the  data  in  the  information  fields  are  physi- 
cally placed  in  the  module  input  cells  designated  by  the  respective  address 
fields.  Input  data  are  inserted  in  the  module  input  sections  only  at  event 
times.  The  inserted  data  remain  in  the  module  input  section  until  they  are 
replaced  by  subsequent  input. 

4.  2.  2.  4.  i Address  and  Information  Field 

The  information  field  may  contain  an  alphanumeric  symbol,  a 
decimal  number,  an  extra  precision  number,  or  an  octal  number,  depending 
on  the  information  field  code.  The  address  field  always  contains  the  symbol 
or  the  relative  address  for  the  input  parameter  of  the  specified  module.  Rela- 
tive addresses  are  right-justified  in  the  address  field  and  are  always  relative 
to  the  last  symbol  encountered  there. 
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4.  2.  2.  4.  2 Examples 


Specification  of  computational  models  for  the  Environmental 
module  (vehicle  1 and  ESN  10)  is  shown  in  Fig.  4-8.  The  initialization  model 
to  be  used  is  model  B,  the  high  frequency  computational  model  is  the  do- 
nothing  U model,  and  the  low  frequency  computational  model  is  model  1. 

Note  that  a decimal  point  cannot  be  used  for  a model  specification. 
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Fig.  4-8.  General  Input  Data:  Example  1 

Specification  of  computational  models  for  module  DPGXM 
(vehicle  1 and  ESN  10)  is  shown  in  Fig.  4-9.  Both  the  initialization  model 
and  the  computational  model  are  to  be  model  1. 


Q 

it 

1 

17  J23  J26  |28 

1 1 1 1 1 1 1 1 1 1 i i 1 1 

_ 

SB 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 

r 

HUM 

s 

09 

1 1 1 I 1 1 1 1 I 1 1 1 1 

Fig.  4-9.  General  Input  Data:  Example  2 


*See  Sec.  2.20,  Vol.  II. 
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Input  to  the  module  CYCXM  for  ESN  10,  vehicle  1 is  shown  in 
Fig.  4-10.  The  first  information  field  assigns  a 2.  to  the  input  parameter 
FRQF,  the  second  information  field  assigns  a 1.0  to  the  input  parameter 
LFDT1,  and  the  third  information  field  assigns  a 0.  1 to  the  input  parameter 
HFDT1  = 


1 
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r 

S.F.D.T.  1, 

L 

!9  J 
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S.X.A.M.P..,  ,3 

Fig.  4-10.  General  Input  Data:  Example  3 

Input  to  the  module  TRAKM  for  ESN  10,  vehicle  1 is  shown  in 
Fig.  4-11.  The  first  and  second  parameter  fields  assign  an  extra  precision 
number  to  the  input  variable  LATR.  The  third  parameter  field  assigns  octal 
word  000000000003  to  the  input  variable  RGRN. 
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Fig.  4-11.  General  Input  Data:  Example  4 
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4.2.2.  5 


Interpolation  Table  Data  (I) 

The  card  code  I indicates  the  start  of  tabular  data  for  use  by 
the  general  table  lookup  routine.  Tabular  information  is  made  available  to 
the  specified  vehicle  at  the  execution  of  the  specified  event  and  remains  so 
for  use  by  the  module  until  it  is  replaced  by  subsequent  input. 

The  control  field  of  the  first  card  is  completed  in  the  normal 
way  by  specifying  the  module  in  which  the  table  is  to  be  used,  the  vehicle  and 
ESN  to  which  the  table  applies,  and  the  card  code  (in  this  case  I).  The  con- 
trol and  address  fields  on  all  remaining  cards  for  the  table  must  be  left  blank. 

4.  2.  2.  5.  1 Parameter  Fields 

The  first  card  must  contain  information  that  defines  the  table. 
The  tabular  entries  begin  with  the  second  card  and  continue  to  the  end  of  the 
data. 

4.2.2.  5.  2 Table  Name 

The  table  name  should  be  entered  in  the  first  address  field, 
cc  11  through  16. 

4.  2.  2.  5.  3 Table  Argument 

The  symbolic  name  for  the  variable  that  is  to  be  the  argument 
of  the  table  must  be  entered  in  the  first  six  columns  of  the  first  information 
field  (cc  17  through  22). 

4.2.2.  5.  4 Interpolation  Type  Code 

A numeric  code  is  used  to  specify  the  type  of  interpolation  to 
be  applied  to  the  table,  the  type  of  tabular  entries  supplied  (either  paired 
values  or  equally  spaced  entries),  and  whether  or  not  the  table  is  a master 
table.  This  must  be  entered  as  a rignt- justified  number  in  cc  23  through  25. 
The  definitions  for  each  available  code  are  shown  in  Table  4-6.  A negative 
interpolation  type  forces  integration  to  each  time  point  in  the  table.  When 
this  option  is  used,  the  table  argument  must  be  a time  variable. 
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Table  4-6.  Interpolation  Code  Numbers 


Interpolation 
Code  No. 

Definition 

0 

Constant  value 

1 

Step  function,  equally  spaced  points 

2 

Linear  interpolation,  equally  spaced  points 

3 

Inverse  linear  interpolation,  equally  .spaced  points 

4 

Quadratic  interpolation,  equally  spaced  points 

5 

Step  function,  stored  argument 

6 

Linear  interpolation,  stored  argument 

7 

Inverse  linear  interpolation,  stored  argument 

8 

Quadratic  interpolation,  stored  argument 

9 

Master  step  function  interpolation,  equally  spaced  points 

10 

Master  linear  interpolation,  equally  spaced  points 

11-12 

Master  quadratic  interpolation,  equally  spaced  points 

13 

Master  step  function,  stored  argument 

14 

Master  linear  interpolation,  stored  argument 

15-16 

Master  quadratic  interpolation,  stored  argument 

17 

Exponential  function,  equally  spaced  points 

18 

Exponential  function,  stored  argument 

19a 

Aesthetic  function,  equally  spaced  points 

20a 

Aesthetic  function,  stored  argument 

2ia 

NDTLU  subroutine,  one  argument  set 

22a 

NDTLU  subroutine,  two  argument  sets 

23a 

NDTLU  subroutine,  three  argument  sets 

24a 

NDTLU  subroutine,  four  argument  sets 

25a 

NDTLU  subroutine,  five  argument  sets 

Temporarily  deleted  due  to  storage  constraint  for  reduced  TRP  only. 
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4.2.2.  5.  5 


Subtable  Number 


When  bivariate  table  input  is  being  used,  each  subtable  is 
assigned  a number,  which  should  be  entered  as  a right-justified  integer  in 
cc  26  and  27  of  the  first  card.  If  it  is  not  a subtable,  cc  26  and  27  must  be 
left  blank. 

4.  2.  2.  5.  6 Table  Cross  Referencing 

Within  any  given  module,  for  a given  vehicle  and  ESN,  it  is 
possible  to  reference  an  interpolation  ^Ij  table  or  subtable  from  the  same 
module  or  from  another  module,  vehicle,  or  ESN.  This  is  accomplished  by 
entering  the  vehicle  number  and  ESN  (or  the  extended  ESN  for  vehicle  1)  of 
the  table  to  which  reference  is  being  made  in  cc  28,  29,  and  30.  The  refer- 
enced table  then  becomes  available  to  the  specified  module  at  the  event  iden- 
tified with  the  ESN  entered  in  cc  7 and  8 for  the  vehicle  whose  number  was 
entered  in  cc  6.  The  name  of  the  table  to  which  reference  is  made  should  be 
entered  in  cc  32  through  37.  Note  that  only  the  data  portion  of  the  table  is 
being  referenced,  net  the  argument  and  interpolation  type.  If  both  table 
names  are  the  same,  it  need  not  be  rewritten  in  cc  32  through  37. 

4.  2.2..  5.  7 Table  Identification 

The  remaining  columns  of  the  first  card  (normally  cc  32 
through  72)  may  be  used  for  alphanumeric  table  identification.  This  infor- 
mation is  printed  as  the  table  identification  on  the  listing  of  tabular  data. 

For  cross  referencing  only  cc  38  through  72  may  be  used  for  identification. 

4.  2.  2.  5.  8 Tabular  Entries 

The  tabular  entries  begin  with  the  second  card  and  are  entered 
in  the  information  fields. 

If  the  interpolation  code  number  selected  requires  a stored 
argument,  the  first  information  field  must  contain  the  value  of  the  minimum 
argument;  the  value  of  the  function  for  the  minimum  argument  f(X^)  is  entered 
in  the  second  information  field,  and  the  tabular  entries  are  continued  in  this 
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manner  {argument,  function,  next  argument,  next  function,  etc. ) for 
increasing  argument  values.  The  last  pair  of  entries  should  always  be  the 
maximum  argument  and  the  value  of  the  function  for  the  maximum  argu- 
ment f(xN). 

If  the  interpolation  code  is  for  equally  spaced  points,  the  first 
information  field  must  contain  the  minimum  argument  value;  the  second  infor- 
mation field  must  contain  the  argument  increment  AX  used  to  compute  the 
equally  spaced  values  of  the  argument.  The  value  of  the  function  f( X ^ ) for  the 
minimum  argument  is  entered  in  the  third  information  field,  and  the  function 
values  f(Xj  + AX),  f(X^  + 2AX),  f(X^  + 3AX),  ...,  f(X^)  are  entered  in  the 
successive  information  fields. 

All  three  information  fields  need  not  be  filled  on  each  card, 
even  in  the  body  of  a table.  There  is  no  limit  to  the  number  of  entries  for  a 
given  table.  If  it  is  to  be  a constant  value  table  (interpolation  type  0),  the 
constant  should  be  entered  in  the  first  information  field  of  the  second  card. 

No  further  entries  are  necessary.  When  information  field  code  C is  used, 
the  constant  is  entered  in  the  first  information  field  cl  the  first  (and  only) 
card.  If  during  program  execution  an  attempt  is  made  to  extract  data  from 
an  interpolation  table  for  an  argument  value  that  lies  outside  the  maximum 
or  minimum  allowable  argument,  the  function  value  associated  with  the  maxi- 
mum or  minimum  argument  is  used. 

4.  2.  2.  5.  9 Bivariate  Table  Input 

It  is  possible  to  input  an  interpolation  table  in  which  the  func- 
tion value  is  defined  as  a function  of  two  arguments  (bivariate).  This  is 
accomplished  by  using  a master  table  along  with  subtables. 

The  master  table  is  input  according  to  the  normal  requirements 
stated  above.  An  interpolation  type  number  will  be  selected  (9  through  16) 
that  gives  the  appropriate  interpolation  for  the  master  table.  The  tabular 
entries  are  made  by  stating  the  argument  values  in  the  normal  manner;  how- 
ever, the  function  „ntries  must  be  subtable  identification  numbers,  with 
decimal  point.  A jubtable  must  be  entered  for  each  subtable  number  referred 
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to  in  the  master  table.  Subtables  are  entered  in  the  usual  way,  except  that 
the  subtable  number  is  entered  in  cc  26  and  27.  (Master  interpolation  type 
numbers  should  never  be  used  for  subtables. ) 

For  a bivariate  table  input  there  is  always  one  (and  only  one) 
master  table,  and  there  must  be  at  least  two  subtables.  One  of  the  two  argu- 
ments is  the  argument  of  the  master  table;  the  other  argument  is  for  each  of 
the  subtables.  For  an  ordinary  family  of  curves  (or  set  of  data),  the  argu- 
ment for  the  master  table  defines  the  separate  curves  in  the  family.  The 
master  table  must  have  a tabular  entry  stating  the  argument  value  for  each 
curve,  followed  by  the  subtable  number  for  that  curve.  The  subtables  use 
the  abscissa  variable  as  their  argument  and  the  corresponding  ordinate  as 
the  function  value.  There  is  one  subtable  for  each  hypothetical  curve. 

Bivariate  table  lookup  can  be  visualized  if  the  data  are  viewed 
as  a set  of  curves  (Fig.  4-12).  Table  lookup  then  reduces  to  selecting  two 
consecutive  curves  corresponding  to  entries  in  the  master  table  (subtable 
numbers),  followed  by  the  location  of  a particular  interpolated  vUrve  A2.  from 
which  the  function  F(A^  , ) is  obtained.  7 he  poim  '(Aj.,  A2.)  is  obtained 

by  using  the  master  table  argument  to  locate  A 2.  and  the  subtable  argument  to 
locate  A. 

1 t 


F(A1 


Fig.  4-12.  Bivariate  Table  Data  Curves 
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4.2.2.  5.  10 


Special  Information  Field  Codes 


4.2.2.5.10.1  Constant  Value  Tables  (C) 

A special  information  field  code  is  used  in  conjunction  with 
interpolation  table  data.  Whenever  a constant  value  table  is  to  be  specified 
(under  the  I table  card  code),  it  is  possible  to  reduce  the  required  input  to 
only  one  card.  This  is  accomplished  with  the  special  information  field  code  C 
entered  in  the  first  information  field  code  (cc  10).  The  control  field  of  the 
card  is  filled  out  as  usual;  the  table  name  is  entered  in  the  first  address  field. 
The  table  value  is  entered  in  the  first  information  field,  and  the  remainder 
of  the  card  may  be  used  for  alphanumeric  identification  of  the  table.  This 
option  may  not  be  used  to  enter  a constant  value  subtable;  to  do  this,  one  must 
specify  interpolation  type  0 and  the  constant  entered  in  the  first  information 
field  of  the  second  card. 

4.2.2.5.10.2  Table  Alterations  (A),  I Tables 

It  is  possible  to  alter  a previously  input  interpolation  table 
without  reinputting  the  entire  table.  This  option  is  especially  useful  when  a 
binary  milestone  is  being  employed.  To  use  this  option,  it  is  necessary  to 
have  a milestone  data  print  generated  by  a previous  computer  run.  Altera- 
tions may  then  be  made  to  the  table  as  follows:  cc  1 through  16  of  the  first 
card  are  filled  out  as  defined  previously  for  interpolation  tables  (cc  10  should 
contain  the  letter  A).  Columns  17  through  72  of  the  first  card  are  filled  in 
only  if  existing  information  is  to  be  altered;  otherwise,  these  columns  are 
left  blank.  There  is  one  exception  to  this:  the  interpolation  type  must  always 
be  entered  in  cc  23  through  25.  To  delete  a block  of  tabular  entries,  one 
enters  the  DSN  (data  sequence  number),  which  is  taken  from  the  previously 
generated  milestone  print,  of  the  beginning  of  the  block  of  entries  to  be  deleted 
in  the  first  information  field  of  the  second  card.  The  DSN  of  the  end  of  the 
block  of  data  to  be  deleted  is  entered  in  the  second  information  field.  These 
two  DSN3  may,  of  course,  be  equal.  If  a new  data  block  is  to  be  inserted 
where  the  data  were  deleted,  the  new  data  block  should  be  input  starting  with 
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the  third  information  field  of  the  second  card  (the  inserted  data  block  need  not 
be  the  same  size  as  the  deleted  data  block).  To  insert  a block  of  tabular 
entries  without  a deletion,  the  second  information  field  of  the  second  card 
should  be  left  blank.  The  inserted  data  must  then  be  specified  beginning  in 
the  third  information  field  of  the  second  card.  If  for  any  one  table  more  than 
one  block  of  data  is  to  be  deleted  and  /or  inserted,  the  operation  involving  the 
highest  DSN  should  be  listed  fi?.  st;  the  opr  . ation  involving  the  next  highest 
DSN  should  follow  in  the  first  blank  information  field,  etc. 

4.2.2.5.10.3  Table  Multiplier 

For  any  interpolation  type  table,  it  is  possible  to  scale  the 
function  valu*  F(X)  such  that  the  function  value  returned  for  the  argument  X 
is  F'(X)  = M*  F(X).  This  is  accomplished  simply  by  inputting  a value  for  the 
table  multiplier  using  general  input  at  the  desired  event.  A table  multiplier 
is  available  for  each  table  and  remains,  once  input,  until  replaced. 

4.2.2.5.10.4  Examples 

The  input  for  thrust  table  3 is  shown  in  Fig.  4-13.  The  argu- 
ment of  the  table  is  atmospheric  pressure,  which  has  the  symbolic  name 
PRES.  The  table  is  to  be  used  in  the  module  PROPM,  beginning  at  event  10. 
The  interpolation  type  is  linear,  stoied  argument. 

The  input  for  constant  value  flow  rate  table  3 is  shown  in 
Fig.  4-14.  The  table  name  is  DW3T,  and  the  constant  value  is  1205.  56.  The 
table  is  to  be  used  in  the  module  PROPM  beginning  at  event  10. 

The  input  for  a bivariate  aerodynamic  lift  coefficient  function 
is  shown  in  Fig.  4-15.  The  function  is  to  be  used  in  the  module  AERMM 
beginning  with  event  20.  The  interpolation  type  for  the  master  table  is 
linear  (14),  The  argument  for  the  master  table  is  the  total  angle  of  attack, 
which  has  the  symbolic  name  ALFT,  and  the  table  name  is  CNST.  The  master 
table  refers  to  three  subtables,  each  of  which  is  also  shown.  The  argument 
for  each  subtable  is  Mach  number. 
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Fig.  4-15.  Bivariate  Aerodynamic  Lift 
Coefficient  Function  Input 
(Concluded) 


Table  cross  referencing  is  shown  in  Fig.  4-16.  If  subtable  3 
for  atmospheric  density  as  a function  of  altitude  has  been  entered  in  the 
module  ENVRM  for  vehicle  1,  ESN  10,  it  is  also  made  available  to  vehicle  2 
at  the  event  whose  sequence  number  is  20  by  the  input  card  shown  in  this 
figure. 
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Fig.  4-16.  Table  Cross  Referencing 

Table  alteration  is  demonstrated  in  Fig.  4-17.  In  this  case 
three  entries  are  being  deleted  from  table  CGXT,  which  was  input  to  the 
module  STRTM  at  event  15.  These  three  entries  have  data  sequence  num- 
bers 3,  4,  and  5 and  were  replaced  by  a single  entry  using  the  T code:  0 days, 
11  hours,  32  minutes,  10.31  seconds. 
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Fig.  4-17.  Table  Alteration 
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The  use  of  a table  multiplier  (general)  input  that  multiplies  all 
function  values  retrieved  from  table  FT3T  is  shown  in  Fig.  4-18. 


1 

p 

9 

10 

1 1 

F T 3 T 

r i A i J i A i 

o i 5'23  i26  >2a 

1 1 • 1 1 ^ l • 1 1 1 1 1 l I 

31 

32 

■ -1-1  1 * 1 

38 

« • —I  1 1 1 1 1 ! 1 1 1 1 

92 

53 

I l 1 I 1 

59 

- 1 1 1 1 1 1 I I 1 1 1 1 

73 

t 1 i i i i i 

Fig.  4-18.  Table  Multiplier 

4.  2.  2.  6 Tabular  Block  Data  (T) 

The  card  code  T indicates  the  start  of  special  block  data.  At 
the  execution  of  the  specified  event,  the  input  data  block  is  made  available  to 
the  specified  module  for  the  specified  vehicle.  It  remains  available  until  it 
is  replaced  by  subsequent  input. 

Tabular  block  data  consists  of  data  blocks  of  variable  size, 
stored  in  consecutive  order,  which  are  to  be  made  available  at  a specified 
event.  The  first  control  field  on  the  first  card  is  filled  in  the  normal  manner; 
the  card  code  is  T.  The  first  address  field  on  the  first  card  must  contain  the 
table  name;  all  remaining  control  and  address  fields  on  subsequent  cards  of 
the  table  must  be  left  blank.  Information  field  codes  are  frequently  required 
for  many  tables. 

4.  2.  2.  6.  i Comparison  with  Interpolation  Table  Data  (I) 

Tabular  block  data  are  not  intended  for  use  by  the  general  table 
lookup  routine,  although  tabular  block  data  and  interpolation  table  data  are 
similar.  The  tabular  entries  reside  in  the  table  section  of  BUCKET  and  are 
never  moved  to  the  module  input  section  unless  special  provision  is  made  for 
doing  so;  hence,  both  may  be  of  variable  size.  At  the  initiation  of  the  event 
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at  which  the  table  is  entered,  the  bucket  core  address  of  the  table  (for  both 
T and  I types)  will  be  stored  in  the  module  input  section  in  the  cell  whose 
symbolic  address  was  in  the  first  address  field  of  the  first  card,  i.  e. , the 
table  name. 

4.  2.  2.  6.  2 Table  Alterations  (T  Tables) 

The  table  alteration  format  for  T tables  is  very  similar  to  that 
for  interpolation  tables.  The  only  difference  is  that  the  DSNs  and  insertion 
data  begin  in  the  first  information  field  of  the  first  card. 

4.  2.2.  6.  3 Example 

The  input  for  a block  of  six  data  words  to  be  assigned  to  a 
tabular  block  table  whose  symbolic  name  is  GHI1  (a  fictitious  name)  is  shown 
in  Fig.  4-19.  This  input  would  be  assigned  to  the  module  SENSM  at  event  10. 
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Fig.  4-19.  Sample  T Type  Table  Input 
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4.  2.  2. 7 


Control  Cards  (C) 


The  card  code  C indicates  input  control  information.  The 
module  name,  vehicle  number,  and  ESNs  are  not  germane  to  this  input;  only 
the  first  information  field  of  the  card  is  processed.  The  number  supplied  in 
cc  17  through  30  signals  the  execution  of  a control  function  (e.g.,  end  of  case 
input  - execute  program,  end  of  run,  punch  binary  milestone  deck  from  the 
preceding  input). 

The  se  .ected  function  applies  to  all  data  cards  processed  before 
the  control  card.  Negative  numbers  suppress  subsequent  card  image  printing 
until  a positive  control  card  is  read  (which  restores  image  printing). 

4.2.  2.7.1  End  of  Case  (O.nn) 

When  u.ie  first  information  field  of  a control  card  contains  a 
[ : zero,  the  end  of  case  function  is  initiated.  If  an  image  of  the  BUCKET  has 

not  previously  been  formed,  it  is  imaged.  Program  control  is  then  returned 
to  the  Master  Program  Executive  module,  indicating  that  the  simulation 
should  proceed  using  the  data  already  processed.  When  the  simulation  is 
complete,  control  is  returned  to  the  Input  Processor.  The  data  image  is 
read  back  into  the  BUCKET,  and  the  processing  of  additional  input  continues. 
NN  sets  the  case  number  if  it  is  nonzero. 

4.  2.  2. 7.  2 End  of  Run  ( 1 . ) 

When  the  first  information  field  of  the  control  card  contains  a 
one,  end  of  run  functions  are  initiated.  Control  is  transferred  immediately 
to  the  Master  Program  Executive  module,  indicating  that  the  run  is  to  be 
terminated. 

4.2.  2.7.3  Punch  Binary  Milestone  (2. ) 


) 


the  Input  Processor  for  processing  additional  data  01  ccnttol  cards.  Normally, 
two  copies  of  the  print  are  output  but  if  the  input  was  -2,  only  one  copy  is 
printed. 

Each  computer  word  in  the  processed  BUCKET  is  punched  onto 
the  binary  milestone  cards.  Subsequent  runs  can  the  ’ be  made  using  the 
binary  milestone  <,ard  deck.  The  advantages  of  using  a binary  milestone  in- 
stead of  a symbolic  milestone  are  the  following:  The  binary  milestone  is 
smaller,  easier  to  handle,  and  requires  less  card  read  time;  and  the  data  in 
the  binary  milestone  are  already  processed,  reducing  computer  run  time. 

Data  within  a binary  milestone  may  be  altered  or  supplemented 
by  placing  symbolic  input  cards  on  the  back  of  the  binary  milestone.  The 
appropriate  control  cards  must  also  be  added  to  the  back  of  the  deck.  Sym- 
bolic card  input  always  follows  binary  input. 

In  order  that  symbolic  changes  to  a binary  milestone  may  be 
noted,  the  Input  Processor  causes  the  image  of  all  symbolic  cards  to  be 
printed.  All  symbolic  changes  made  to  subsequent  cases  are  also  printed  in 
a multiple  case  run.  This  is  done  without  regard  to  the  type  of  input  (binary 
or  symbolic)  for  the  first  case. 

4.  2.  2.  7.  4 Write  BUCKET  Image  (3.) 

When  the  first  information  field  of  a control  card  contains  a 
three,  an  image  of  the  processed  input  is  written,  and  program  control  is 
retained  by  the  Input  Processor  to  process  additional  data  or  control  cards. 

An  end  of  case  card  (0. ) causes  an  image  to  be  written  automatically  if  no 
write  image  card  has  yet  been  encountered. 

4.  2.  2. 7.  5 Read  BUCKET  Image  (4.) 

When  the  first  information  field  of  a control  card  contains  a 
four,  the  previously  written  image  is  read  back  into  core  storage  reserved 
for  the  BUCKET,  and  control  is  retained  by  the  Input  Processor  to  process 
additional  data  or  control  cards.  Obviously,  this  control  card  is  meaningless 
unless  an  end  of  case  control  card  or  a write  image  control  card  has  previously 
been  processed. 
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4,2.  2.7.6 


Clear  BUCKET  (5.) 


When  the  first  information  field  of  a control  card  contains  a 
five,  the  BUCKET  cells  are  all  cleared  (set  to  zero),  and  the  flag,  which  indi- 
cates that  an  image  has  been  previously  written,  is  reset  to  zero.  Program 
control  is  retained  by  the  Input  Processor  to  process  additional  input. 

This  control  card  makes  it  possible  to  run  two  or  more  inde- 
pendent milestones  consecutively.  It  should  be  placed  between  the  last  case, 
which  is  related  to  the  previous  milestone  (after  the  end  of  case  card),  and 
the  first  card  in  the  next  milestone. 

4.  2.  2. 7.7  Read  Binary  Milestone  (6. ) 

When  the  first  information  field  of  a control  card  contains  a 
six,  the  Input  Processor,  which  expects  a binary  milestone  to  be  on  TAPE76, 
reads  it  in  and  s*.t8  up  the  BUCKET  to  contain  that  information.  Program 
control  is  retained  by  the  Input  Processor  to  accept  additional  input  (symbolic 
data  changes  or  control  cards).  Binary  milestones  cannot  be  merged  (see 
DEPUNCH(15.  )). 

4.  2.  2. 7.8  Suppress  Milestone  Print  (7. ) 

When  an  end  of  case  control  card  is  encountered,  the  Input 
Processor  normally  prints  the  data  in  BUCKET  and  transfers  control  to 
MPEXM  to  execute  the  case.  If  a control  card  with  a seven  in  the  first  infor- 
mation field  is  encountered  before  the  end  of  case  control  card  (0. ),  the 
BUCKET  print  is  suppressed.  This  applies  only  to  the  first  case  (subsequent 
cases  are  normally  suppressed). 

4.  2.  2.  7.  9 Plot  All  Tables  (8. ) 

This  control  card  (8. ) generates  Cal  Comp  835  film  plots  of  all 
the  I type  table  data  in  the  BUCKET.  This  option"  is  useful  when  many  large 
tables  have  been  entered  for  the  first  time  and  a visual  check  of  the  data  is 
desired. 


This  option  is  not  available  in  the  operational  version  of  TRP. 
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4. 2.2.7.  10 


Print  Milestone  (9.) 


For  all  cases  after  the  first,  the  milestone  print  is  normally 
suppressed.  If  the  milestone  print  is  required,  enter  this  control  card. 

4.2.2.7.11  Write  Secondary  BUCKET  Image  (10.) 

This  control  card  (10.)  allows  a second  BUCKET  image  to  be 
created  (i.  e. , an  image  in  addition  to  the  one  written  by  control  card  3). 
Control  card  11.  is  used  to  read  back  this  secondary  image. 

4.2.2.7.12  Read  Secondary  BUCKET  Image  (11.) 

This  control  card  ('.  J. ) is  read  back  in  the  secondary  BUCKET 
image  written  in  response  to  control  card  10. 

4.2.2.7.13  Read  Cards  from  IFTRP  File  (12.  nn) 

This  control  card  (12.)  commands  a change  in  the  mode  of 
reading  input  cards.  Following  this  control  card,  input  data  cards  are  read 
from  physical  file  nn  of  a file  named  IFTRP  until  a control  card  13.  is  en- 
countered on  that  file. 

4.2.2.7.14  Switch  Back  to  Normal  Input  Mode  (13. ) 

This  control  card  (13.)  reactivates  the  normal  input  mode.  It 
is  found  only  on  file  IFTRP,  and  it  terminates  the  input  cards  on  that  file. 

4.2.2.7.15  Print  Data  BUCKET  ( 14.  ) 

This  control  card  specifies  an  input  data  BUCKET  print  of  the 
data  processed  thus  far.  After  the  print,  more  data  cards  (or  another  control 
card)  are  read. 

4.2.2.7.16  Punch  Symbolic  Cards,  DEPUNCH  (15.) 

This  control  card  allows  the  data  in  a milestone  to  be  punched 
on  X-5  format  cards.  The  milestone  may  have  been  obtained  from  any  legal 
combination  of  binary  and  symbolic  data  at  any  point  in  the  input  process. 
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4,  2.  2.7.  17 


Read  Ephemeris  Cards  (16.  n) 


A specially  formatted  table  of  cards  called  DEALS  coefficients 
may  be  input  to  module  SENSM  (Sec.  2.  25) ' using  this  option  for  vehicles 
1 through  4 (also  see  subroutine  EPHTAB,  Sec.  2.2,  for  details). 

4.2.2.7.18  Resequence  Vehicles  and/or  Event  Numbers  (17.) 

This  control  card  causes  TRP  to  enter  subroutine  INTERX 
via  overlay  1,3.  Subroutine  INTERX  renumbers  or  interchanges  vehicles  or 
ESNs  and  correctly  arranges  the  BUCKET,  depending  on  the  X-5  cards  that 
follow  control  card  17. 


Option  1: 


Result; 


Option  2: 


Result; 


Option  3: 


Columns  1 to  3 of  the  X-5  card  contain  blanks,  cc  6 to  8 
contain  a VESN1  currently  in  the  BUCKET,  and 
cc  23  to  25  contain  a VESN2  not  currently  in  the 
BUCKET  (VESN2  may  relate  to  any  preexisting  vehicle). 

VESN1  is  renumbered  VESN2,  and  the  BUCKET  is  re- 
arranged to  maintain  proper  order.  After  this  has 
been  achieved  VESN1  no  longer  occurs  in  the  BUCKET, 
and  another  VESN  may  be  numbered  VESN1. 

Columns  1 to  3 contain  XXX,  cc  6 to  8 contain  any 
VESN  1 currently  in  the  BUCKET,  and  cc  23  to  25  con- 
tain any  other  VESN2  currently  in  the  BUCKET. 

The  event  numbers  VESN1  and  VESN2  are  interchanged, 
along  with  the  corresponding  data. 

Columns  1 to  3 contain  blanks,  cc  6 contains  a vehicle 
number  VEH1  currently  in  the  BUCKET,  and  cc  23  con- 
tains another  vehicle  number  VEH2  not  currently  in 
the  BUCKET.  Columns  7,  8,  24,  and  25  are  blank 


Result:  The  vehicle  numbered  VEH1  is  renumbered  VEH2,  and 

all  data  associated  with  VEH1  is  rearranged  so  that  the 
BUCKET  maintains  its  proper  order.  Since  VEH1  is 
no  longer  In  the  BUCKET,  some  other  vehicle  may  now 
be  numbered  VEHi. 


See  Vol.  II,  Parts  C (Sec. 


2.  25)  and  A (Sec. 


2.  2). 
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Option  4:  Columns  1 to  3 contain  XXX,  cc  6 contains  a vehicle 

number  VEH1,  and  cc  23  contains  a vehicle  number 
VEF2,  both  currently  in  the  BUCKET. 

Result:  Vehicles  numbered  VEH1  and  VEH2  are  interchanged, 

along  with  all  related  data. 


Option  5:  Columns  i to  3 contain  END. 

Result:  After  this  card  is  read,  control  is  retained  by  the 

Input  Processor,  and  additional  control  cards  may  be 
read. 


In  practice,  vehicle  numbers  or  individual  ESNs  may  be  re- 
numbered or  interchanged  by  using  a control  card  17,  X-5  card  using  any  or 
all  of  options  1 through  4,  and  then  an  END  card.  If  a mistake  is  made  in  an 
intermediate  X-5  card,  that  card  (and  all  subsequent  X-5  cards)  are  ignored 
until  an  END  card  is  read  and  processed. 

Variables  FESN  and  VEHXI  in  module  TSPXM  are  adjusted  if 
necessary,  and  VEHP  is  left  unchanged.  The  appropriate  VESN  in  the 
T tables  ITVT,  CVRT,  and  COPT  are  also  changed,  as  are  references  in 
cross  referenced  I tables. 

After  the  resequencing  has  occurred,  only  vehicle  1 may  have 
ESNs  greater  than  99. 

4.2.2.7.19  Examples 

A sequence  of  X-5  cards  that  would  move  event  120  of  vehicle  1 
to  vehicle  2 and  renumber  it  90  (and  then  interchange  all  data  associated  with 
vehicles  1 and  2)  is  shown  in  Fig.  4-20. 

If  the  three  cards  in  Fig.  4-21  were  placed  in  the  order  shown 
on  the  back  of  a symbolic  milestone  deck,  the  following  functions  would  be 
performed:  A binary  milestone  would  be  punched  from  the  preceding  symbolic 
deck,  an  image  of  the  BUCKET  would  be  written,  and  the  program  would  be 
executed  with  the  input  data.  The  computer  run  would  then  be  terminated. 
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Fig.  4-Z1.  Three  Sample  Control  Cards 


A data  deck  setup  consisting  of  two  separate  milestones  is 
shown  in  Fig.  4-22.  If  this  deck  setup  is  input,  the  following  sequence  of 
operations  occurs: 

A binary  milestone  is  produced. 

The  BUCKET  is  imaged. 

Additional  input  is  added  to  BUCKET,  and  the  first  case  is 
executed. 

The  image  is  automatically  read  back  into  BUCKET  (des- 
troying the  case  1 BUCKET). 

The  additional  symbolic  input  for  case  2 is  added  to  BUCKET, 
and  case  2 is  executed. 

The  BUCKET  is  cleared,  and  the  BUCKET  image  flag  is  set 
to  zero. 

The  second  milestone  (a  binary  milestone)  is  read  into 
BUCKET. 


First  Symbolic  Milestone 

Punch  Binary  Milestone  Control  Card  (2.  ) 

Write  Image  Control  Card  (3.  ) 

Additional  Symbolic  Input  Cards 
(for  first  case  only) 

End  of  Case  Control  Card  (0.  ) 

Additional  Symbolic  Input  Cards 
(for  second  case  only) 

End  of  Case  Control  Card  (0.  ) 

Clear  BUCKET  Control  Card  (5.) 

Read  Binary  Milestone  Control  Card  (6.  ) 
(from  TAPE76) 

Additional  Symbolic  Input  Cards 
Punch  Binary  Milestone  Control  Card  (2.  ) 
End  of  Case  Control  Card  (0.  ) 

End  of  Run  Control  Card  (1.  ) 

Fig.  4-22c  Sample  Dat<  Deck  with  Two 
Separate  Milestones 


I 


The  additional  symbolic  input,  which  follows  the  read  binary 

milestone  card,  is  added  to  BUCKET. 

From  the  processed  BUCKET,  a new  binary  milestone  is 

formed. 

Case  3 is  executed. 

The  computer  run  is  then  terminated. 

4.  2.  2.  8 Case  Identification  (A) 

The  card  code  A indicates  input  that  is  to  be  used  for  case 
identification,  which  consists  of  60  BCD  characters  and  is  entered  in 
cc  11  through  70.  Only  one  case  identification  card  is  allowed  per  case,  but 
it  is  not  required.  Card  columns  1 through  8 are  not  processed  for  this  card. 

Case  identification  information  serves  two  purposes:  The 
case  identification  appears  on  the  first  page  of  the  milestone  print.  In  addi- 
tion, the  case  identification  is  printed  before  the  trajectory  output. 

4.  2.  2.  9 Data  Deletion 

Deletion  of  data  from  the  processed  BUCKET  may  be  accom- 
plished by  using  the  special  information  field  code  X.  It  is  punched  in  cc  10 
and  may  be  applied  to  event  criteria,  general,  and  tabular  data. 

This  code  applies  only  to  the  type  of  data  specified  by  the  code 
in  cc  9.  If  deletion  of  the  general  data  for  a given  event  is  specified,  only 
the  general  data  are  affected  (the  event  criteria  and  tabular  data  for  that  event 
remain  unchanged).  To  delete  all  types  of  data  for  an  event,  it  is  unnecessary 
to  prepare  three  different  inputs  (i.  e.,  one  input  for  each  of  the  three  classes 
of  data  in  the  BUCKET).  Instead,  a card  code  Z is  provided  for  deletion 
purposes  only  (deletion  of  all  types  of  data). 

4. 2.2.9.  1 Deletion  of  E-'ent  Criteria  Data 

Deletion  of  event  criteria  data  differs  from  deletion  of  the  other 
two  types  of  data  because  the  single  item  and  module  do  not  apply  to  the  event 
criteria  data.  The  only  deletion  levels  pertinent  to  these  data  are  the  event 
(e.  g. , 15)  and  the  vehicle  (e.g. , 2).  An  example  is  shown  in  Fig.  4-23. 
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Fig.  4-24. 


Fig.  4-23.  Event  Criteria  Deletion:  Example  1 


Deletion  of  all  event  criteria  data  for  vehicle  2 is  shown  in 


Fig.  4-24.  Event  Criteria  Deletion:  Example  2 


4.  2.  2.  9.  2 Deletion  of  General  Da<.a 


Deletion  of  general  data  may  be  accomplished  at  four  levels: 
the  c ingle  item,  the  module,  the  event,  and  the  vehicle. 

4.  2.  2.  9.  2.1  Single  Item 

To  delete  single  items  of  data,  the  code  X should  appear  in  the 
information  code  field.  In  addition,  the  control  field  must  be  completed  and 
the  symbol  associated  with  the  item  to  be  deleted  must  appear  in  the  symbol 


The  deletion  of  items  FESN  and  MAXT  frcm  TSPXM  at  event  2 
for  vehicle  1 is  shown  in  Fig.  4-25.  Only  data  for  a single  module  at  a given 
ESN  may  be  deleted  with  one  card. 
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Fig.  4-25.  General  Data  Deletion:  Example  1 
4.  2.  2.  9. 2.  2 Module 

To  delete  all  general  data  for  a particular  module  at  a given 
event  and  vehicle,  the  code  X is  entered  in  cc  10,  and  the  control  field 
(cc  1 to  8)  should  be  completed. 

Deletion  of  the  propulsion  module  data  for  vehicle  2 at  event  7 
is  shown  in  Fig.  4-26. 
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General  Data  Deletion:  Example  2 
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4. 2. 2. 9.2.  3 Event 


To  delete  all  general  data  for  an  event,  use  the  code  X in 
cc  10.  No  module  name  should  be  entered  in  the  control  field. 

The  deletion  of  all  general  data  for  vehicle  i at  event  3 is 
shown  in  Fig.  4-27. 
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Fig.  4-27.  General  Data  Deletion:  Example  3 
4.  2.  2.  9.  2.  4 Vehicle 

To  delete  all  general  data  for  a vehicle,  the  code  X is  placed 
m cc  10,  and  only  the  vehicle  number  is  specified  in  the  control  field.  If  the 
vehicle  number  is  1,  it  must  be  left  blank. 

Deletion  of  all  general  data  for  vehicle  1 is  shown  in  Fig.  4-28 


1 " 

0 

f-H-  i j 1 — 

I 

If 

— 1 l L i 

' 

17  {23  |26  J 28 

1 1 1 1 1 1 1 i i I ■ 

31 

32  ^ 

— l — l — 1 ‘ L 

"*■ 1 * 1 1 1 1 

1 l 1 1 I I i i i i , , 

52 

33 

— < — i — iii 

{ . 

^ 1 1 1 1 1 1 1 

* 1 1 1 1 1 1 1 1 1 1 L .1 

J — i — i — i — i-  i i 


Fig.  4-28.  General  Data  Deletion:  Example  4 
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4.  2.  2.  9.  3 Deletion  of  Tabular  Data 

Deletion  of  tabular  data  differs  from  the  deletion  of  general 
data  only  in  that  the  card  code  in  cc  9 must  specify  tabular  data,  and  the 
single  item  refers  to  a table  rather  than  to  an  item  of  data.  Also,  the  table 
name  is  entered  in  the  symbol  field  as  the  item  of  data.  More  than  one  table 
can  be  deleted  with  a single  card  as  in  Example  i (Fig.  4-25). 

4.  2.  2.  9.4  Deletion  of  All  Data  Types 

To  delete  all  data  types  (event  criteria,  general,  and  tabular), 
the  rules  are  the  same  as  for  event  criteria  data  only,  but  a Z is  put  in  cc  9 
instead  of  an  L. 

4.  2.2.  9.5  Inclusive  Deletion 

Inclusive  deletion  refers  to  deleting  all  data  starting  with  the 
event  specified  in  cc  6 to  8,  up  to  and  including  the  right-justified  event 
sequence  specified  in  cc  20  to  22.  This  occurs  if  cc  20  to  22  are  nonblank. 
This  option  applies  to  all  individual  types  of  data  and  also  to  the  Z option. 

The  deletion  code  X must  be  present  in  cc  10,  and  the  appropriate  code  must 
be  in  cc  9. 

4.  2.  2.  9.  6 Restrictions  on  Data  Deletion 

The  following  restrictions  apply  to  data  deletion: 

• Deletion  of  a master  table  does  not  result  in  deletion  of  the 
subtables  associated  with  it  (subtables  must  be  deleted 
separately). 

0 Deletion  of  a single  T type  table  requires  a T in  cc  9,  but  dele- 
tion of  larger  blocks  of  tables  (module,  ESN,  or  vehicle)  take 
place  with  either  an  I or  T. 

o If  all  general  data  for  an  event  are  deleted,  the  event  heading 
information  (E  card)  is  also  deleted. 
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DATA  TAPE  INPUT 


The  postflight  data  preparation  program  PDP  processes  and 
filters  large  numbers  of  observations  and  outputs  these  observations  with 
associated  weighting  matrices  onto  a tape  utilizing  a standard  format 
(Table  4-7).  These  tapes  contain  a time  history  of  up  to  six  different  vari- 
ables at  an  arbi.trary  output  time  frequency.  PFRP  can  accept  a total  of  nine 
of  these  tapes  during  any  one  run;  the  total  number  of  observations  is  limited 
by  storage  requirements  {usually  limited  to  3000).  PFRP  integrates  to  the 
time  argument  specified  on  the  tape  even  if  it  is  not  a multiple  of  the  nominal 
step  size. 

Each  tape  contains  a logical  output  file  consisting  of  four 
physical  files  in  which  many  logical  output  files  reflecting  different  process- 
ing, different  output  frequencies,  different  data  weighting,  or  even  different 
specified  observation  variables  may  be  written.  File  1 of  the  logical  file  is 
an  identification  file,  file  2 is  the  data  file,  file  3 is  the  weighting  matrix 
file,  and  file  4 is  an  end  of  file  file.  The  data  file  is  composed  of  an  identi- 
fication jecord  followed  by  data  records  (500  words  maximum  size).  Each 
time  point  with  associated  observations  comprises  one  data  frame  with  an 
integral  number  of  data  frames  per  data  record.  As  many  data  records  are 
written  as  are  required  to  put  all  time  frames  on  the  data  file.  The  weight- 
ing matrix  follows  the  same  time  sequence  and  observation  ordering  as  the 
data  file  but  is  written  without  the  time  argument.  The  first  record  of  file  3 
contains  size  parameters  used  by  PFRP  in  determining  how  many  observa- 
tions are  to  be  made. 
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Table  4-7.  PFRP  Data  Tape  Format 


File  1:  Tape  Identification  File 

Record  1 

Tape  identification  record 

Word  1 

Number  of  words  (M)  in  record  - 2 (integer) 

Word  2 

1 (integer) 

Word  3 

1 (integer) 

Words  4 through  M 

Hollerith  tape  identification  (M  £ 511) 

File  2:  PFRP  Data  Value  File 

Record  1 

File  identification  record 

Word  1 

Number  of  words  (M)  in  record  - 2 (integer) 

Word  2 

2 (integer) 

Word  3 

Hollerith  file  identification 

Word  4 

Number  of  words  (N)  per  frame 

Words  5 through  (4+N) 

Hollerith  data  element  identifiers 

Record  2 through  n 

Data  value  records 

Word  1 

Number  of  words  (M)  in  record  - 2 (integer) 

Word  2 

4 (integer) 

Words  3 through  M 

Data  values  in  frames,  where  a frame  is 
one  time  point  (M  £ 511) 

File  3:  PFRP  MD  (Weighting  Matrix) 

Record  1 

File  identification  record 

Word  1 

Number  of  words  (M)  in  record  - 2 (integer) 

Word  2 

2 (integer) 

W jrd  3 

Hollerith  file  identification 

Wore  4 

Number  of  entries  per  submatrix 

Word  5 

Number  of  diagonal  entries  per  submatrix  (N) 

Word  6 

Number  of  submatrices  (time  points)  in  MD 
matrix 
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Table  4-7.  PFRP  Data  Tape  Format  (Continued) 


Record  2 through  n 
Word  1 
Word  2 

Word  3 through  M 

File  4:  End  of  File  File 

Record  1 
Word  1 
Word  2 
Word  3 
Word  4 


MD  value  records 

Number  of  words  (M)  in  record  - 2 (integer) 
4 (integer) 

MD  entries  in  frames  (submatrices)  where 
a frame  is  one  time  point  (M  £ 51 1) 


End  of  file  record 

Number  of  words  (M)  in  record  - 2 (integer) 
5 (integer) 

1 (integer) 

Hollerith  END  OF  CASE  b 


A sample  MD  matrix  format  is  shown  below  (word  4 = 6,  word 
5=3,  word  6 = 5).  Each  submatrix  corresponds  to  one  time  point.  Each 
diagonal  entry  is  one  sigma  (in  accuracy)  for  the  observation  data,  and  each 
off-diagonal  entry  is  the  correlation  between  observations.  Submatrix  entries 
are  ordered  by  rows. 


MD  = 
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PRINTED  OUTPUT 
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Printed  TRP  output  can  be  categorized  as  follows: 

• Print  of  the  input  cards  (optional) 

• Print  of  the  final/sorted  data  input  (optional  milestone  print) 

• PFRP  iteration  output 

• Trajectory  output  (optional) 

All  of  the  above  are  shown  in  the  sample  output  that  follows. 

The  problem  statement  for  the  sample  output  follows:  Esti- 
mate the  uncertainty  in  a vehicle  state  after  48  hours  of  range  measurements 
from  a single  ground  station.  This  problem  utilizes  the  error  analysis  capa- 
bility of  TRP. 

Vehicle  24-hr  synchronous  satellite,  80-deg  inclination 

Epoch  at  ascending  node,  140  deg  east  longitude 
Assume  no  knowledge  of  vehicle  state  at  epoch 
Propagate  vehicle  state  to  48  hr 

Station  Measure  range  to  satellite  from  39  deg  north, 

105  deg  east 

Ranging  accuracy  30  ft  at  one-min  intervals 

Range  bias  uncertainty  of  30  ft  (random) 

Station  location  uncertainty  of  50  ft  with  the  three 
components  independent  and  random 

Output  Covariance  matrices  of  vehicle  position  at  48  hr: 

Spherical  error  probability  (SEP) 

Radial,  intrack,  and  crosstrack  (RTC) 
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4.5 


TAPE  OUTPUT 


4,5.  1 9300  Tape  Output 

Subroutine  T9300  of  INP1M  can  generate  a BCD  file  for 
subsequent  transmission  over  a 9300  data  line.  The  data  output  is  formed 
after  execution  of  a TRP  end  of  run  control  card  1.  The  data  is  retrieved 
from  the  standard  output  file  by  searching  for  special  Hollerith  separator 
codes  that  separate  the  desired  data. 

The  9300  file,  which  is  created  only  if  a header  card  (H)  was 
input  with  MS  as  the  first  two  characters  of  the  card,  cor  ains  data  in  the 
following  order: 


MS  (descriptive  data  found  on  H card) 

SECTION  ONE  ********  INPUTS  ******** 


Output  of  data  enclosed  within  the  two  code  words  9301, 
IFTRP  inputs 


SECTION  TWO 


DATA  ******** 


Output  of  data  enclosed  within  the  two  code  words  9302, 
data  cards  modifying  the  milestone 


SECTION  THREE  ******  ANALYTICAL  AIDS  *** 

A.  INITIAL  WEIGHTING  MATRIX  FOR  OBS 

Output  of  data  enclosed  within  the  two  code  words  9307 

SECTION  THREE  ******  ANALYTICAL  AIDS  *** 

A.  FINAL  WEIGHTING  MATRIX  FOR  OBS 

Output  of  data  enclosed  within  the  two  code  words  9303 

SECTION  THREE  ******  ANALYTICAL  AIDS  *** 

B.  LA  SI  COVARIANCE  MATRICES  - STD  DEV  + CARREL  COEFF 
Output  of  data  enclosed  within  the  two  code  words  9304 

SECTION  THREE  ******  ANALYTICAL  AIDS  *** 

C.  FINAL  SOLUTION  VECTOR 

Output  of  data  enclosed  within  the  two  code  words  9305 
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SECTION  FOUR  ********  RESULTS  ******** 

A.  ANALYTICAL  SUMMARY 

Output  of  reconstruction  parameters  enclosed  within  the  two 
code  words  9309 
ANALYSTS  COMMENT 

Descriptive  data  found  on  H cards  beginning  with  4A 

B.  MISSILE  SUMMARY  COMMENT 

Descriptive  data  found  on  H cards  beginning  with  4B 


SECTION  THREE  ******  ANALYTICAL  AIDS  *** 

C.  RESIDUALS  - PRINTER  PLOTS 

Output  data  enclosed  within  the  two  code  words  9306 

SECTION  FOUR  (CONTINUED) 

B.  MISSILE  SUMMARY 

Output  of  launch  point,  FECO,  apogee,  reentry,  and  impact 
conditions  enclosed  within  the  two  code  words  9300 


SECTION  FOUR  (CONTINUED) 

C.  ANALYSTS  FINAL  COMMENTS 

Descriptive  data  found  on  H cards  beginning  with  4C 

Many  of  the  above  sections  could  have  several  versions  when 
the  program  is  iterating.  Only  the  last  iteration  generated  is  output  to  the 
9300  file.  The  code  characters  93XX  and  YYY  are  in  print  columns  121 
through  124  for  93XX  and  in  columns  131  through  133  for  YYY.  YYY  is  the 
iteration  number.  File  no.  70  is  used  for  the  9300  output  file.  Subroutine 
T93HP  is  called  to  search  for  and  output  H header  cards. 

4.  5.  2 Special  Print  Tape  Output 

This  output  form  is  provided  so  that  the  user  can  specify  the 
variables  and  the  order  in  which  they  are  desired  as  a time  history  output. 
The  standard  TRP  block  print  is  based  on  a fixed  list  of  variables  shown  in 
Table  4-8.  It  is  possiole  to  select  by  input  six  variables  to  be  included  in  the 
standard  block  print,  but  occasionally  more  selectable  variables  are  desired 
(possibly  at  a print  interval  different  from  that  of  the  standard  block). 
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Table  4-8 


Print  Format  Key 


Month 

Day 

Year 

Hour 

Min  Sec 

Julian  Day 

GMT 

VEH/ 

ESN 

TD 

TGO 

1 

TGOG 

TDURP 

1 

TDURS 

DTD 

PE 

PE2 

2 

PE  3 

PE  4 

2 

PE5 

PE  6 

ARG1 

ARG2 

3 

ARG3 

ARG4 

3 

ARG5 

ARG6 

DERI 

DER2 

4 

DER3 

DER4 

4 

DER5 

DER6 

ENVRM 

H 

RGRV 

10 

PRES 

LTCV 

10 

LATV 

LONV 

DENS 

ATEM 

11 

VS 

GMI 

11 

HNMI 

LONVI 

SUN  or 

RXB 

RYB 

12 

RZB 

SXVE 

12 

SYVE 

SZVE 

SHADOW 

SVAZ 

SVEL 

13 

DAY 

SXB 

13 

SYB 

SZB 

GMT 

GME 

14 

GHAO 

SHINT 

14 

AVS 

EIA 

TMPR 

HMET 

15 

ALFAS 

SGXI 

15 

SGYI 

SGZI 

GMGXI 

GMGYI 

16 

GMGZI 

— 

16 

... 

... 

TMOTM 

PXIP 

PYIP 

20 

PZIP 

VX1P 

20 

VYIP 

VZIP 

VSXI 

VSYI 

21 

VSZI 

AMI 

21 

VMI 

VCIRC 

ASXI 

ASYI 

22 

ASZI 

ASMI 

22 

VSI 

GACC 

VDR 

INCL 

23 

ECCEN 

APOG 

23 

PERG 

RANG 

AZVA 

AZVI 

24 

AZRLN 

ELRLHi 

24 

GAMA 

GAMI 

PXRL 

PYRL 

25 

PZRL 

VXRL 

25 

VYRL 

VZRL 

PXIL 

PYIL 

251 

PZIL 

VXIL 

251 

VYIL 

VZIL 

A XI 

AYI 

26 

AZI 

BANK1 

26 

VSMI 

WEN 

ASXB 

ASYB 

27 

ASZB 

VSXB 

27 

VSYB 

VSZB 

LOSSES 

AH 

VH 

270 

VLG 

VLLAM 

270 

VRGD 

RGD 

IMPCT 

TIMP 

ECAIMP 

28 

RANGI 

LTCIMP 

28 

LA  TIMP  LONJMP 

ORBIT 

REV 

SMAX 

290 

MANM 

NODE 

290 

ARGP 

TA'JPM 

MMTN 

P 

291 

DMANM 

DNODE 

291 

DARGP 

DTAUP 

ANAM 

ECA 

292 

CANG 

DVDR 

292 

PERL 

LONP 

TAPG 

APGL 

293 

LONA 

HAPG 

293 

HPER 

LON  PI 

BRNG 

LPGL 

294 

LPLN 

GBAL 

294 

GEAL 

SLRM 

RMOTM 

THI 

TH2 

30 

TH3 

DTH1 

30 

DTH2 

DTH3 

DOMXB 

DOMYB 

31 

DOMZB 

OMXB 

3! 

OMYB 

OMZB 

IB1 1 

IB12 

32 

IB13 

IB21 

32 

IB22 

IB23 

IB31 

IB32 

33 

IB33 

TH4 

33 

DTH4 

... 

AERMM 

ALFA 

BETA 

40 

ALFT 

MACH 

40 

QALFT 

Q 

ADH 

FAXBI 

41 

VAXI 

VAYI 

41 

VAZI 

VAMI 

FAXB 

FAYB 

42 

FAZB 

MAXB 

42 

MAYB 

MAZB 

CX 

CY 

43 

CZ 

CL 

43 

CM 

CN 

(Replace  line  43  when 

AERM13  used) 

CD 

MACHO 

43 

CX 

CY 

43 

CZ 

QS 

PROPM 

FTXB 

FTYB 

50 

FTZB 

MTXB 

50 

MTYB 

MT7.B 

FTM 

WPRP 

51 

DWPRP 

NCGQ 

51 

CBT 

TMD 

IFTM 

AVEF 

52 

PREFT 

TISP 

52 

ISP 

ISPAV 

FT 

DWPR 

53 

WPR 

WTI 

53 

EPD 

EYD 

FT5 

DWPR5 

57 

WPR5 

WTI5 

57 

EPD5 

EYD5 

STRTM 

WT 

M 

60 

PCGXQ 

PCGYQ 

60 

PCGZQ 

VCGXQ 

PXI 

PYI 

61 

PZI 

VXI 

61 

VYX 

VZI 

IXX 

IYY 

62 

IZZ 

IX  Y 

62 

1XZ 

IYZ 
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Table  4-8 


Print  Format  Key  (Continued) 


DPGXM 

COMXB 

COMYB 

70 

COMZB 

COM1 

70 

COM2 

COM3 

CONTM 

ERLLC 

EPCHC 

80 

EYAWC 

ERLLR 

80 

EPCHR 

EYAWR 

DERLLCDEPCHC  81 

DEYAWC 

DERLLR 

81 

DEPCHRDEYAWR 

CPHE 

CTHE 

82 

CPSE 

DCPHE 

82 

DCTHE 

DCPSE 

CYCXM 

LFT1 

LFT2 

90 

LFT3 

HFT1 

90 

HFT2 

HFT3 

DT1L 

DT2L 

91 

DT3L 

DT1H 

91 

DT2H 

DT3H 

TCI 

TC2 

92 

TC3 

TC4 

92 

TC5 

TC6 

(Output  only  when  Model  JUNK3  is 

selected) 

JUNK3 

RELR 

RELY 

106 

DRELR 

RELPXI 

106 

RELPYI  RELPZI 

RELPXBRELPYB107 

RELPZB 

RELVXB 

107 

RELVYBRELVZB 

PROXT 

PROXR 

108 

— 

RELVXI 

108 

RELVYI  RELVZI 

LAMT 

LAMP 

109 

LAMY 

DLAMT 

109 

DLAMP 

DLAMY 

TRAK1 

RGR 

AZR 

110 

ELR 

DRGR 

110 

DAZR 

DELR 

LAI 

LA  2 

111 

LAP 

LAY 

11) 

PR 

QR 

PUR 

PVR 

112 

PWR 

VUR 

1 12 

VVR 

VWR 

DR 

PR 

113 

QR 

DPR 

113 

DQR 

DDRGR 

TN 

TNP 

1 14 

PULSE 

— 

1 14 

" - " 

— 

TRAK1 

RGR4 

AZR4 

140 

ELR4 

DRGR4 

140 

DAZR4 

DELR4 

LAI4 

LA24 

141 

LAP4 

LAY4 

141 

PR4 

QR4 

PUR4 

PVR4 

142 

PWR4 

VUR4 

142 

VVR4 

VWR4 

DR4 

PR4 

143 

QR4 

DPR4 

143 

DQR4 

DDRGR4 

TN4 

TNP4 

144 

PULSE4 

— 

144 

— 

— 

(TRAKM  Model  3 print) 

TRAK3 

RGR5 

AZR5 

5 

ELR5 

DRGR5 

5 

DAZR5 

DELR5 

TRAK3 

RGR9 

AZR9 

9 

ELR9 

DRGR9 

9 

DAZR9 

DELR9 

[SENSM  Model  3 print) 

SENS3 

V 1HT 

RLOS1 

141 

V 1HA 

PSIT1 

141 

ALFV1 

DELV1 

SAT  1 

V1LT 

V1LN 

142 

RIV 1 

RIAV1 

142 

RlOVl 

TAU1 

TAA 1 

HKM 

143 

PCTJ1 

TJ1 

143 

ARIV1 

URIV1 

RAA1 

AAAI 

144 

VILA 

A ZV 1 

144 

ELV 1 

AK1 

SENS3 

V4HT 

RLOS4 

141 

V4HA 

PSIT4 

141 

ALFV4 

DELV4 

SAT4 

V4LT 

V4LN 

142 

RIV4 

RIAV4 

142 

RIOV4 

TAU4 

TAA4 

HKM 

143 

PCTJ4 

TJ4 

143 

ARIV4 

URIV4 

RAA4 

AAA4 

144 

V4LA 

AZV4 

144 

ELV4 

AK4 

(SENSM  Model  5 Print) 

SENS5 

TIMU 

IMUM 

110 

VSXA 

ASAU 

1 10 

ASAV 

ASAW 

NAL 

NBE 

111 

NGA 

NU 

111 

NV 

NW 

PHIAL 

PHIBE 

1 12 

PHIGA 

VMAU 

112 

VMAV 

VMAW 

TASIU 

TASIV 

113 

TASIW 

VSAU 

1 13 

VSAV 

VSAW 
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This  capability  is  selectable  by  the  input  of  one  T type  table 
TPRVT  and  one  interpolation  type  table  TPRIT.  Table  TPRVT  is  used  to 
specify  the  variable  names  and  the  order  desired.  Table  TPRIT  is  used  to 
specify  the  interval  at  which  this  output  is  desired.  These  inputs  are  de- 
scribed in  Sec.  2.9,  Vol.  II  (INFXM  module). 

The  data  is  written  on  file  ITFRNT  in  BCD  line  image  form. 
ITPRNT  is  in  the  input  labeled  common  block  of  the  service  module  (SERVM) 
and  is  preset  to  be  TAPE74.  After  TRP  is  executed,  this  file  is  normally 
rewound  and  copied  to  OUTPUT  to  be  printed.  It  is  possible  to  put  this  infor- 
mation on  a tape  to  be  saved,  of  course,  by  requesting  a tape  for  file  TAPE74. 

4.5.3  Data  Tape  Output 

This  output  option  produces  binary,  floating  point  time  history 
tapes  of  certain  variables.  It  is  specified  by  the  input  of  a T type  table 
PLOTT  to  identify  the  variables  and  their  order.  Interpolation  type  table 
PLINCT  is  input  to  specify  the  output  frequency.  The  information  is  written 
on  file  ITDATA,  which  is  in  the  Service  module  labeled  common  inputs  and 
is  preset  to  be  TAPE99. 

The  tape  format  is  binary,  up  to  500  words  per  record  with 
floating  point  values.  Each  case  generates  one  file  or  tape  with  multiple 
files  possible. 

There  is  a second  data  tape  capability,  which  is  completely 
independent  of  the  first.  The  T type  table  is  PL0T2T,  the  interpolation  type 
able  is  PLIN2T,  and  the  output  file  variable  is  ITDATB,  preset  to  be 
TAPE75. 

All  of  these  input  tables  are  described  in  Sec.  2.9,  Vol.  II 
(INFXM  module). 

4.6  CONTROL  INTERFACES 

TRP  is  designed  to  operate  as  a stand-alone  analytical  pro- 
gram under  the  operating  system;  interfacing  with  other  data  processing 
software  is  minimal.  The  one  mode  of  interfacing  is  through  the  PFS 


(permanent  file  system)  file  IFTRP,  which  is  created  by  other  modules  for 
use  by  TRP  as  an  input  file  for  observational  data.  PFS  is  designed  so  that 
IFTRP  cannot  be  retained  as  a PFS  file  more  than  48  hours  after  it  is  cre- 
ated. TRP  must  therefore  be  run  within  that  period  to  avoid  losing  the  data. 
When  TRP  is  executed  in  this  mode,  it  punches  cards  that  replace  the  IFTRP 
file  as  input  for  future  runs. 

4.7  OPERATING  SYSTEM  INTERFACES 

The  following  major  operating  system  programs  are  required 
for  use  with  TRP: 


UPDATE 

Maintains  the  TRP  source  file 

FTN 

FORTRAN  extended  compiler 

LOAD/NOGO 

Loader 

The  next  set  of  required  operating  system  functions  are  minor  and  callable 
by  control  cards: 

REQUEST 

Tape  assignment  control  card 

REWIND 

Rewinds  a file 

COPYBF 

Copies  a binary  file 

RFL 

Requests  field  length 

ACCESS 

PFS  access  card 

DEFINE 

PFS  definition  card 

EXIT 

Error  processing  control  card  pointer 

COPYCF 

Copies  a coded  file 

COPYBR 

Copies  a binary  record 

COPYSBF 

Copy- shifts  a binary  file 

The  following  list  shows  all  system  subroutines  called  by 
TRP  that  must  be  available  on  the  FTN  system  library: 


LOCF  Location  function:  gets  absolute  address 

DUMP  FORTRAN  core  dump  routine 

DECODE  Decodes  a card  image 
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READEC 

Reads  ECS 

WRIT  EC 

Writes  ECS 

EXIT 

Job  termination  call 

ASIN 

Arc  sine  function 

ACOS 

Arc  cosine  function 

ATAN 

Arc  tangent  function 

ATAN2 

Arc  tangent  function  (two  parameters) 

ALOG 

Natural  log 

ALOGIO 

Log  to  the  base  10 

TAN 

Tangent  function 

LENGTH 

Length  of  record  function 

SIN 

Sine  function 

COS 

Cosine  function 

BUFFER  IN 

Buffer  read 

BUFFER  OUT 

Buffer  write 

ABS/IABS 

Absolute  value  function 

SYSTEMP 

Error  traceback  call 

PDUMP 

FORTRAN  core  dump  and  proceed 

4.  8 STORAGE  AND  TIMING  REQUIREMENTS 

4.  8.  1 Storage 

Storage  requirements  for  TRP  vary  in  two  ways.  First,  the 
TRP  storage  configuration  varies  as  a function  of  the  models  necessary  for 
the  simulation.  Using  YEOMAN,  different  program  configurations  can  be 
generated.  Second,  the  storage  used  for  data  input  and  PFRP  working  storage 
obviously  varies  according  to  the  amount  of  input  data  and  tne  number  of  obser- 
vations, parameters,  etc. 

The  operational  version  (basic  models)  of  TRP  is  used  to  shov\ 
program  storage  allocations  (Fig.  4-29).  An  algorithm  is  given  as  a function 
of  several  variables  to  indicate  the  data  storage  requirements 

Data  storage  - 1 5m  + (9  9 4 1 5.  4 v + 17  N t 1 5q  1 1000  ^ 
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where 


m = number  of  P parameters 
n - number  of  observations 
N - number  of  fixed  dependent  variables 
q = number  of  Q parameters 

NVAR  = number  of  observations  per  time  point  per  satellite 
V - number  of  satellites 

Note  that  a constant  value  of  1000  is  a probable  upper  limit  for  table  data  plus 
ECL  data  plus  integration  storage. 

A typical  set  of  numbers  might  be: 

n - 1050 

m - 40 

q - 0 

N = 16 

NVAR  - 3 

V - 1 

The  data  storage  required  for  this  set  is  7361 jq  or  1 63 0 1 g,  and  when  it  is 
added  to  the  program  length  of  1 28 00 ^ q ">r  31000g,  the  total  required  storage 
is  20161  Q or  473018. 

4.8.2  Timing 

Timing  varies  according  to  the  kind  of  simulation  being  run  and 
its  relative  complexity.  Computer  time  for  TRP  is  best  expressed  as  central 
processor  (CP)  or  peripheral  processor  (PP)  time.  These  can  generally  be 
added  to  determine  total  computer  time.  The  CP  and  PP  time  requirements 
for  postflight  reconstruction  can  be  expressed  as  a function  of  two  variables: 

m number  of  P + Q parameters,  nonbias  type 
(two-way  parfials  count  as  two) 
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TI  - time  interval  of  the  observed  data,  min 
CP  (min)  Cq  + C^TI(m  + 7) 

PP  (min)  - PQ  + P jTI(m  + 7) 

where  (for  a CDC  6600  computer) 

co  - 1 

C{  - 1/30 
P0  6.5 
Pj  = 1/15 

These  figures  are  based  on  the  assumption  that  one  major  loop, 
five  minor  loops,  and  a final  converged  trajectory  will  be  run. 

When  this  algorithm  is  used  for  maximum  time  estimates,  20% 
should  be  added  to  include  uncertainties. 
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SECTION  5 


TRP  CHARACTERISTICS  AND  CONVENTIONS 


A detailed  discussion  of  major  aspects  of  the  TRP  system  is 
presented  in  this  section.  Users  should  pay  particular  attention  to  Sec.  5.  1, 
which  describes  the  implementation  details  of  some  of  the  more  important 
aspects  of  the  TRP  system.  TRP  input  characteristics,  module  structure, 
output  print,  trajectory  design  and  reconstruction,  and  general  argument 
functions  are  described  here.  Programmers  will  be  particularly  interested 
in  Sec.  5.2,  which  outlines  the  programming  conventions  used  in  the  original 
design  of  TRP;  these  conventions  should  be  adhered  to  in  further  program 
development.  Program  symbols,  FORTRAN  statement  conventions,  program 
variables,  table  and  file  usage,  and  utility  subroutines  are  presented.  How- 
ever, both  users  and  programmers  should  scan  the  entire  section. 

5.  1 TRP  CHARACTERISTICS 


To  best  use  the  program,  the  user  must  be  familiar  with  the 
TRP  characteristics  described  here.  The  mechanization  principles  used  in 
the  design  of  TRP  are  stated  in  this  discussion. 


5.  1.  1 
5.  1.  1.  1 


TRP  Input  Characteristics 


Dictionaries 


The  input  and  output  labeled  common  sections  for  each  module 
are  used  as  dictionaries  during  input  processing.  The  Hollerith  representa- 
tion of  each  symbol  is  preset  in  the  symbol's  location  through  the  use  of  a data 
statement  for  each  labeled  common  statement.  Since  this  set  of  labeled  com- 
mon statements  and  data  statements  resides  in  contiguous  block  data  subrou- 
tines, it  is  possible  to  refer  to  the  total  set  of  I (input)  and  V (output  variable) 
sections  as  one  large  array.  A symbol  can  thus  be  located  through  its  relative 
location  with  respect  to  the  beginning  of  the  SERI  data  block.  This  dictionary 
is  necessary  only  during  input  processing  and  is  initialized  via  overlay  link 
TRP2  (see  INP2M,  Sec.  2.2,  Vol.  II). 


The  labeled  common  sections  in  TRP2  are  identical  in  size  and 
format  to  those  in  TRP3  so  that  the  relative  ordering  established  in  TRP2  is 
preserved  in  TRP3.  Program  checks  are  made  in  TRP3  to  ensure  this 
ordering  and  format. 

5. 1.1.2  Mnemonic  Input 

All  input  to  the  TRP  system  is  entered  with  identification 
regarding  the  following: 

9 Vehicle  number 

• ESN  (event  sequence  number) 

• Module  name 

• Parameter  name  or  relative  address 

Vehicle  numbers  and  ESNs  are  always  entered  as  numerics.  The  module 
name  is  entered  symbolically,  just  as  it  is  used  in  the  program.  Any 
parameter  can  be  input  to  a module  either  symbolically  or  relative  to  a 
mnemonic  entry  (other  than  its  own).  All  TP.P  parameters  are  defined  in 
Sec.  2,  Vol.  II.  Appendix  A contains  an  index  of  all  TRP  parameters,  cross 
referenced  to  Sec.  2,  Vol.  II. 

The  great  advantage  of  mnemonic  input  lies  in  the  ease  with 
which  the  user  can  communicate  with  the  program.  This  communication  can 
be  quite  natural,  too,  since  symbolism  can  be  assigned  in  a way  that  is  easily 
correlated  with  mathematical  symbol  conventions. 

5.1.2  Module  Structure 

5. 1.2.1  General  Module  Characteristics 

Each  module  is  composed  of  five  physical  sections.  These 
sections  vary  considerably  in  content  from  module  to  module,  but  functionally 
each  is  invariant  for  all  modules  (with  the  possible  exception  of  the  Service 
module).  The  five  module  sections  are  as  follows: 

e Model  selection,  or  M section 

• Data  input,  or  I section 
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• Model  section 

• Output  variable,  or  V section 

« Subroutine,  or  S section 

A module  is  identified  in  the  TRP  system  by  its  mnemonic,  which  is  related 
to  its  module  name  (Table  1-1).  The  diagram  presented  in  Fig.  6-1  sum- 
marizes the  composition  of  a module;  Sec.  5.  1.2.  2 describes  the  module 
sections  in  detail. 

5. 1.2.  2 Module  Sections 

5. 1.2.  2.1  Module  Selection  (M  Section) 

The  first  sejtion  of  a module  ir>  identified  by  the  mnemonic 

X,X_X_X  .M;  it  of  course  also  identifies  the  module  name.  The  mnemonic 
12  3 4 

then  identifies  the  entrance  point  to  the  mod\ile. 

The  function  of  this  section  is  to  select  the  appropriate  model(s) 
to  execute,  to  execute  that  model,  and  to  exit.  Modules  controlled  by  INTXM 
do  not  have  an  M section  because  they  have  identical  model  entrance  logic; 
therefore,  INTXM  actually  executes  the  appropriate  model  for  these  modules. 

5.1.2.  2.2  Data  input  (I  Section) 

This  module  section  contains  all  parameter  words  and  table 
names  that  may  be  assigned  inputs  during  a simulation.  All  data  cells  in  this 
section  of  a module  can  be  supplied  with  input  at  event  initialization  by  pro- 
cessing routines  driven  by  TSPXM.  Once  data  is  entered  into  the  I section  of 
a module  it  remains  there,  unaltered,  until  it  is  replaced  by  a new  piece  of 
data  or  modified  by  an  initialization  model.  It  is  standard  TRP  operating 
procedure  that  the  inputs  to  the  I section  of  a module  can  only  be  modified, 
replaced,  or  zeroed  out  by  initialization  models. 

The  first  two  or  three  parameters  in  the  I section  of  each  module 
identify  the  models  to  be  used  in  the  module;  the  number  of  parameters  (two  or 
three)  depends  on  the  kind  of  models  appearing  in  the  module. 
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x, x2x3x4M 


M Section:  Standard  entrance, 
model  selection  logic,  and  exit 


X1X2X3X4I 

1 Section:  Module  input  (storage) 

XtX2X3X4A 

X1X2X3X4B 
X1 X2X3X41 

• 

• 

• 

Model  Section:  Models  for  initialization, 
unity  transfer,  etc. , depending  on  the 
functions  to  be  performed 

• 

• 

x1x2x3x4v 

V Section:  Storage  for  variables 
computed  by  the  models  of  the 
module 

X1X2X3X4S 

S Section:  Specific  subroutine  storage 
for  subroutines  uniquely  employed  by 
models  in  the  module 

Fig.  5-1.  Module  Composition 
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Input  to  the  I section  of  any  module  can  be  classified  broadly 
in  the  following  three  categories: 

c Model  selection  inputs 

• General  one -cell  data  words 

0 Table  parameter  words 

In  the  first  two  categories,  there  is  a one-to-one  correspondence  between  an 
input  mnemonic  and  its  program  parameter  (i.e.,  each  mnemonic  input  has 
one  cell  reserved  in  the  input  region  of  the  module).  However  in  the  thiid 
category,  the  input  parameter  to  the  module  is  almost  always  just  the  table 
address;  the  table  data  itself  remains  in  the  BUCKET.  A module  inpxit  region 
thus  never  contains  excess  storage  for  input  data  blocks  of  variable  size 
because  this  kind  of  data  remains  in  the  BUCKET.  Two  cells  are  assigned 
to  each  tabular  input;  the  first  is  the  pointer  to  the  data  and  the  second  is 
used  as  a table  muUiplier,  which  is  processed  like  general  data  input.  To 
input  a table  function  multiplier,  the  table  name  must  be  specified  as  the 
mnemonic  using  the  general  data  input  format. 

5. 1.2.  2. 3 Model  Section 

The  functions  assigned  to  a module  are  executed  through  models 
that  reside  in  the  model  section  of  each  module.  The  selection  of  specific 
models  through  the  M section  provides  computational  flexibility  and  generality 
within  each  module,  while  maintaining  a high  degree  of  explicitness  at  each 
module  entrance. 

Ideally,  a model  performs  a very  straightforward  function 
(special-purpose  and  free  of  event -dependent  logic).  It  should  consist  of  a 
brief  sequence  of  computer  instructions  that  may,  for  example,  consist 
simply  of  a set  of  subroutine  entrances;  but  in  any  event,  the  function  assigned 
to  the  model  is  clearly  indicated  by  scanning  the  high-level  sequence  of  instruc- 
tions that  comprise  the  model.  Thus,  in  programming  language,  a model  is  a 
high-level  "driver"  for  the  computational  function  to  be  performed. 

Models  usually  call  on  subroutines  unique  to  the  module  that 
appear  in  the  subroutine  secUon  and/or  on  general  subroutines  that  appear 
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in  the  service  module.  All  parameters  and  variables  generated  by  a module 
reside  in  the  output  variable  section.  All  input  required  by  a model  comes 
via  the  module  input  section  or  mnemonic  communication  with  the  I/V  sections 
of  other  modules. 

5.  1.2,  2.  3.1  Model  Nomenclature 

Each  module  is  uniquely  identified  by  an  alphanumeric  symbol 
of  the  form  X^X^X^X^M.  Similarly,  each  model  in  module  X^X^X^X^M  is 
uniquely  identified  by  the  symbols  X^X^X^X^i,  where  i may  be  one  of  the 
following  symbols:  0 through  9,  A through  L,  N,  and  P through  Z.  The  sym- 
bols M and  O are  thus  the  only  alphanumeric  symbols  unavailable  for  model 
names.  The  reasons  for  the  specified  exceptions  are  obvious  except  for  the 
alphabetic  character  O,  which  is  arbitrarily  considered  equal  to  zero  in  all  TRP 
programming.  The  numeric  symbols  10  through  99  are  also  available  for  model 
names,  if  required.  In  the  following  sections,  note  that  certain  alphanumeric 
characters  are  reserved  for  special  kinds  of  models.  The  characters  G,  H, 

I,  and  L are  not  available  in  model  names  if  labeled  common  names  cannot 
match  subroutine  (model)  names  due  to  compiler  restrictions,  but  G,  H,  I,  and 
L are  used  in  model  call  words  (Sec.  5.  1.2,  2.  3.  3). 

5 . 1 . 2 . 2 . 3 . 2 Kinds  of  Models 

Models  can  be  broadly  classified  into  two  categories: 

• Initialization  models 

• Main  loop  computational  models 

Initialization  models  are  usually  executed  only  once,  at  the  start  of  each  event. 
They  are  always  concerned  with  input  or  computation  of  initial  conditions, 
which  are  simulation-  or  event -dependent.  Every  module  has  initialization 
models,  except  the  Input  Processing  and  Service  modules.  The  earlier 
alphabetic  characters  (A,  B,  and  C)  are  reserved  for  this  class  of  model. 

All  models  not  in  the  initialization  class  are  lumped  into  the 
major  Main  Loop  Computation  model  category.  All  models  in  this  class  can 
be  called  through  input,  and  numeric  names  are  generally  assigned  to  them. 
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The  following  specific  model  names  are  assigned: 

Model  U The  Unity  Transfer,  or  do-nothing 

model 

Models  A,  B,  C,  D,  etc.  Simulation  or  event  dependent 

initialization  models 

Models  1,  2,  etc.  Main  loop,  nontrivial,  computational 

models 

5. 1.2.  2.  3. 3 Model  Call  Words 

TRP  users  select  models  through  input  by  using  model  call 
words,  which  are  abbreviated,  easily  remembered  mnemonics  associated 
with  a class  cf  models. 

The  call  word  for  all  initialization  models  specifiable  through 
input  is  IN  (the  abbreviation  of  initialization).  Three  call  words  are  used  to 
call  all  main  loop  computational  models,  but  not  all  apply  to  every  module. 

The  single  call  word  GEN  (an  abbreviation  for  general  main  loop  computational 
model)  is  used  for  modules  not  capable  of  dual  frequency  computation. 

For  models  capable  of  dual  frequency  computation,  the  call  words  HI  and  LO 
are  used  for  high  - and  low-f/equency  computational  models,  respectively. 

The  model  call  words  IN,  GEN,  HI,  and  LO  are  paired  with  the 
module  input  parameters  X^X^X^X^I,  X^X^X^X^G,  X^X^X^X^H,  X^X^X^X^L, 
respectively,  by  the  INP2M  module. 

5 . 1 . 2 . 2 . 4 Output  Variables  (V  Section) 

All  parameters  and  variables  generated  by  models  in  a module 
are  either  placed  in  cells  reserved  in  the  V section  or  lost  because  they  were 
placed  in  temporary  storage.  Thus,  any  parameter  or  variable  generated 
within  a module  and  required  for  external  use  must  be  assigned  storage  in  the 
V section  of  the  module  (temporary  storage  is  not  preserved  from  module  to 
module) . 

One  of  the  conventions  governing  TRP  system  development  is 
that  any  entry  in  the  V section  of  a module  (this  convention  also  applied  to  the 
I section)  may  not  be  modified  by  another  module.  Any  module  is  free  to  use 
any  other  module's  input  or  oxitput  entries,  but  is  never  permitted  to  modify 
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an  entry  in  another  module.  A notable  exception  to  this  convention  is  the 
Integration  Executive  module  (INTXM),  which  replaces  the  values  of  specified 
integration  variables. 

The  mnemorics  assigned  to  variables  in  the  V section  are 
subject  only  to  the  designer's  discretion  and  to  the  restriction  that  each 
symbol  be  different  from  any  used  elsewhere  in  the  program.  Certain 
general  conventions,  however,  have  been  adopted  for  symbol  assignment. 

5. 1.2.  2.  5 Subroutine  (S  Section) 

To  obtain  simplicity  in  models,  most  computational  details 
required  of  a model  are  relegated  to  subroutines  that  are  physically  located 
in  the  last  section  of  the  module,  the  subroutine  or  S section.  A given  module 
subroutine  is  then  available  for  use  by  any  model  to  which  it  is  applicable; 
these  subroutines  thus  form  the  basic  building  blocks  from  which  most  models 
are  developed.  The  S section  is  thus  a library  of  building  blocks  for  use  by 
the  models  of  the  module.  When  it  is  augmented  by  the  general  service  sub- 
routines of  the  Service  module,  a considerable  amount  of  model  building 
material  becomes  available  to  each  module.  By  convention,  all  subroutines 
are  ordered  alphanumerically. 

The  subroutine  section  of  each  module  terminates  with  th» 
model-associated  print  routines,  which  are  executed  for  TRP  printed  output 
(Sec.  5.  1.3).  Any  subroutine  that  may  be  used  by  more  than  one  module  is 
classed  as  a service  subroutine  and  must  be  physically  located  in  the  Service 
module  (SERVM).  Modules,  models,  and  subroutines  thus  form  a three-level 
hierarchy  in  which  the  subroutine  is  the  lowest. 

5.  1.  3 TRP  Output  Print 

In  TRP  printing,  the  BCD  name  or  the  integer  equivalent  of 
the  print  routine  is  obtained  from  Service  module  labeled  common  for  each 
module.  This  BCD  name  is  supplied  from  an  initialization  model  at  execution 
time,  which  allows  a print  routine  to  be  defined  for  each  model  of  a module. 

The  print  routines  for  any  given  TRP  configuration  must  appear  in  the  YEOMAN 
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REQ  deck,  along  with  the  corresponding  initialization  model.  Print  keys  are 
supplied  with  TRP  output  print. 

5. 1.3.1  Print  Routines 

Labeled  common  SERV5  contains  the  BCD  name  or  the  integer 
equivalent  of  the  selected  print  routine  of  each  module.  It  would  appear  as: 

COMMON/SERV5/ 

1 SERV5S,  SERV5N, 

2 LENVRP(l),  LTMOTP(l),  LRMOTP(l),  LAERMP(l),  LPROPP(l), 

3 LSTRTP(l),  LDPGXP(l),  LCONTP(l),  LCYCXP(l),  LJUNKP(l), 

4 LTRAKP(l),  LSENSP(l) 

COMMON/ SERV5/ 

1 SERV5E 

EQUIVALENCE 

1 ( LENV,  LENVRP) , (LTMO,  LTMOTP),  ( LRMO,  LRMOTP), 

2 (LAER,  LAERMP),  (LPRO,  LPROPP),  ( LSTR,  LSTRTP), 

3 ( LDPG,  LDPGXP) , (LCON,  LCONTP),  (LCYC,  LCYCXP), 

4 (LJUN,  LJUNKP),  ( LTRA,  LTRAKP),  ( LSEN,  LSENSP) 

where 

LENVRP  = BCD  name  or  its  integer  equivalent  for  the  ENV^M  module 

LTMOTP  = BCD  name  or  its  integer  equivalent  for  the  TM.OTM  module 

LSENSP  = BCD  name  or  its  integer  equivalent  for  the  SENSM  module 
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5.  1.3.  2 


Print  Initialization 


A module's  initialization  model  sets  the  BCD  name  of  the 
print  routine,  e.  g,  , initialization  model  C of  TRAKM  would  appear  as: 

SUBROUTINE  TRAKC 

c 

c * * « * * * TRAKC  (TRAKM)  * * * * * * * * * * * 

c 

c INITIALIZATION  MODEL  FOR  TRAK3 
c 

INSERT,  TRAI 
INSERT,  TRAV 
INSERT,  SERV5 
INSERT, 
c 

DATA  IPRINT/  6HTRAKP3/ 

c SET  PRINT  ROUTINE  FOR  TRAK3 

LTRAKP  IPRINT 

c SET  NUMBER  OF  TRACKERS 

NOFT  = RNOFT 
299  RETURN 

END  , 

5.  1.3.3  Prir.t  Mechanization 

SERVM  subroutine  PRNT  1 contains  the  following: 

CALL  PRNCN(LENVRP) 

CALL  PRNCN(LTMOTP) 

CALL  PRNCN(LSENSP) 

SERVM  subroutine  PRNCN  (NAME)  matches  the  BCD  name  with 
an  internal  dictionary.  NAME  is  replaced  by  the  dictionary  integer  equiva- 
lence, and  control  is  passed  to  the  subroutine  that  matches  NAME.  The 
integer  equivalent  is  used  on  subsequent  calls. 


5-10 


The  computation  model  print  routine  calls  the  print  driver: 
SUBROUTINE  ENVRP 

CALL  LINE(10,  5HENVRM,  H,  RGRV,  PRES,  LTCV,  LATV.  LONV) 

399  RETURN 
END 

SERVM  subroutine  LINE  performs  the  actual  printing  of  the 
lesired  information  using  the  TRP  standard  format: 

SUBROUTINE  LINE(I,  H,  A,  B,  C,  D,  E,  F) 

where 

Print  line  I = line  number 

H = Hollerith  name  (5HNAMEX)  or  (1H  ) 

A through  F = items  to  be  printed  on  the  line 

5.1.4  Trajectory  Design  and  Reconstruction 

Techniques  and  processes  that  facilitate  the  problem  of 
trajectory  design  and  reconstruction  are  mechanized  in  the  modules  ITERM, 
PFRPM,  and  ITIFM,  which  collectively  are  called  PFRP.  The  trajectory 
design  problem  generally  requires  parameter  iteration  and  trajectory  shaping, 
which  lead  to  a satisfactory  trajectory  by  iterative  techniques  and/or  analytic 
solutions . 

Trajectory  design  problems  arise  because  of  trajectory 
constraints  that  limit  the  family  of  trajectories  acceptable  for  successful 
mission  completion.  Selecting  a satisfactory  constrained  trajectory  often 
involves  considerable  parameter  iteration;  the  pertinent  trajectory  parameters 
are  determined  through  a combined  iteration  and  convergence  process. 

The  other  side  of  the  coin  is  trajectory  reconstruction.  An 
acceptable  mission,  or  one  that  is  assumed  to  be  acceptable,  is  evidenced  by 
a time  history  of  observations  (usually  radar  measurements);  the  methods  by 
which  it  was  performed  or  the  exact  mechanisms  utilized  may  be  only  partially 
known. 
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In  TRP,  a trajectory  may  be  reconstructed  in  two  ways.  The 
first  method  uses  the  observations  as  forcing  functions  and  applies  inverse 
transformations  to  obtain  the  trajectory.  The  second  method  requires  an 
iterative  process  in  which  the  assumed  methods  are  modeled  by  input.  Model 
unknowns  are  estimated  by  TRP  measurement  models,  which  are  either 
implicit  or  explicit  functions  of  the  parameters  estimated,  to  match  the 
observed  data. 

Both  trajectory  design  and  trajectory  reconstruction  problems 
may  thus  be  solved  using  TRP. 

5.  1.4.1  Iteration  Parameters 

One  of  the  primary  design  criteria  for  TRP  iteration  was  the 
capability  to  estimate  any  parameter  that  could  be  input  to  the  TRP  program. 
This  goal  could  only  be  met  by  using  perturbation  techniques  for  approximating 
partial  derivatives  associated  with  iteration.  The  primary  disadvange  of  this 
technique  is  that  m+i  trajectories  must  be  run  to  estimate  m parameters; 
this  can  be  expensive  in  terms  of  machine  time.  Several  techniques  were 
implemented  to  alleviate  this  condition.  The  first  was  to  run  only  the  portion 
of  the  trajectory  affected  by  a parameter.  This  technique  was  made  possible 
by  using  program  images,  written  on  a program  file,  of  the  input  and  output 
sections  of  the  modules  thus  enabling  a restart  of  the  trajectory  at  any  de- 
sired event.  The  use  of  local  variables  for  flags  could  defeat  this  technique, 
so  this  practice  has  been  discouraged. 

The  second  technique  for  minimizing  the  number  of  trajectories 
run  is  the  major  and  minor  loop  concept  in  PFRP,  A major  loop  consists  of 
a nominal  trajectory  and  the  m trajectories  used  to  evaluate  measurement 
partials  with  respect  to  the  parameters.  A minor  loop  consists  of  only  a 
nominal  (residual)  trajectory  resulting  from  new  parameter  estimates  using 
the  previously  evaluated  partials.  Tests  are  mechanized  to  ensure  that 
linearity  and  improvement  are  maintained;  otherwise  the  program  reverts  to 
a major  loop,  A typical  problem  on  TRP  averages  three  or  four  minor  loops 
per  major  loop  and  converges  in  many  fewer  trajectories  than  if  major  loops 
only  are  used. 
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A thi^d  technique  for  minimizing  run  time  is  the  use  of  analytic 
partials  for  measurement  biases.  The  partial  derivative  is  simply  one  for 
associated  observations  and  zero  for  all  others.  Additional  analytic  measure- 
ment partials  are  being  examined,  but  several  mechanization  problems  must 
be  resolved  before  any  coding  can  be  initiated. 

A fourth  technique  for  reducing  machine  time  is  to  save  the 
partials  from  one  run  on  tape  and  to  use  them  on  subsequent  runs,  starting 
immediately  into  the  minor  loop  process. 

The  inputs  associated  with  the  above  techniques  plus  the  defini- 
tions of  the  iteration  parameters  are  input  to  module  ITERM  at  the  first  event. 
The  iteration  variable  table  is  an  open-ended  table  used  for  this  purpose. 

5.1.4.  2 Observations  and  Measurements  for  Iteration 

As  for  iteration  parameters,  the  design  goal  for  iteration 
measurements  and  observations  was  to  be  able  to  use  any  variable  computed 
by  TRP  as  a measurement  to  be  matched  against  input  observations.  This 
goal  has  been  achieved  for  all  known  measurement  types.  If  a measurement 
model  does  not  exist  in  TRP  for  a given  observation,  the  customary  procedure 
is  to  model  the  equation  in  the  general  argument  function  (Sec.  5.  1.  5).  If  a 
sufficient  number  of  cases  are  expected  for  this  observation,  a measurement 
model  is  coded  into  the  program. 

Observations  may  be  input  to  TRP  either  by  cards  or  tapes, 
and  the  associated  TRP  variables  are  designated  by  an  input  table.  A 
significant  feature  of  the  TRP  iteration  method  is  that  everything  known  about 
the  vehicle  and  all  observations  collected  may  be  treated  simultaneously  in  a 
consistent  manner.  The  only  constraints  are  those  imposed  by  machine 
storage  space  and  the  amount  of  machine  time  a user  is  willing  to  invest. 

5.  1.  5 General  Argument  Function 

The  general  argument  function  (ARGS)  is  a TRP  characteristic 
by  which  a user  can  specify  by  input  equations  not  formally  a part  of  the 
program.  These  equations  can  be  thought  of  as  a logical  extension  of  the 
auxiliary  computation  characteristics  of  TRP.  ARGS  may  be  used  for  event 
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criteria,  table  arguments,  steering  equations,  plot  variables,  special  print 
parameters,  variables  for  other  ARG  equations,  or  as  observations  or 
arguments  in  TRP  iteration  methods.  General  argument  functions  are  calcu- 
lated when  required  by  subroutine  AUXF  (as  are  other  auxiliary  parameters). 

The  ten  ARG  equations,  whose  components  are  specified  by 
input  data,  are  of  the  form: 


ARG.  = f 
1 


1 


VW 


f,(A.V,)  + A.C,  * f,(A.V  ) 
L 1 c i4  3 i 3 


( i = 0 through  9) 


f4(AiV4> 


where 


A.Cj,  -A.C-,  = input  scaling  constants,  preset  to  0. 

A.V^,  A.V^  = input  specified  variable  names  1 and  2, 

1 1 present  to  FPi„  (floating  point  one) 

A.V_,  A.V  = input  specified  variable  names  3 and  4, 
13  14  preset  to  FP1. 

A.P  = power  to  which  the  ARG.  variable  is 
1 raised,  preset  to  1.  1 

f = option  flag  for  the  ARG.  equation, 
preset  to  0. 

f, , f?,  f,,  f.  = option  flags  for  variables  1,  2,  3,  and  4, 
preset  to  0. 


Each  of  the  four  variables  on  the  input  side  of  an  ARG  equation  may  be  operated 
on  independently  by  option  flags  f^  through  f^,  and  the  ARG  equation  itself  by 
option  flag  f.  All  possible  option  flag  selections  are  discussed  in  Sec.  2.4, 

Vol.  II  (SERVM  input  descriptions). 

5.  2 TRP  CONVENTIONS 

TRP  programming  conventions  to  encourage  standard  practices 
and  to  provide  consistently  high  quality  have  been  established. 
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5.  2.  1 


Program  Symbols 

Symbols  used  in  TRP  programming  must  be  six  characters 
or  fewer  and  should  impart  meaningful  information  as  to  function  or  source, 
with  units,  component,  and  coordinate  system  (if  applicable). 

5.2.  1 . 1 Mnemonic  Usage 


Some  significant  mnemonic  conventions  are: 

Each  module  name  must  end  with  the  letter  M (SERVM, 

MPEXM,  etc.) 

The  fourth  character  of  each  executive  module  is  X 

Initialization  models  are  identified  by  an  alphabetic 
character 

Main  computational  models  are  identified  by  numerics 

Mnemonics  for  program  flags  end  with  the  character  F 
( AUXF,  CYCF,  PIF,  etc.) 

Matrices  are  identified  by  the  coordinate  frames  involved. 

The  matrix  transforming  from  the  A to  the  B frame  is 
thus  denoted  as  [AB],  and  the  mnemonic  identifying  the  first 
element  of  this  matrix  array  is  labeled  AB11. 

Position,  velocity  and  acceleration  variables  (except  gravity) 
are  identified  with  the  prefixes  P,  V,  and  A,  respectively. 

The  component  and  pertinent  coordinate  frame  are  also 
indicated  in  the  mnemonic,  e.g.: 

VXI  = X component  of  total  velocity  in  the  I frame 
AZG  = Z component  of  total  acceleration  in  the  G frame 
PXIO  = initial  X component  of  position  in  the  I frame 
ASYB  = Y component  of  sensed  acceleration  in  the  B frame 

Force  components  are  identified  with  the  lead  character  F: 

FAXB  = X component  of  aerodynamic  forces  in  the  B frame 
FTYB  = Y component  of  thrust  in  the  B frame 
FTM  = magnitude  of  the  thrust  vector 
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Subroutines  are  named  by  four-  or  five-letter  mnemonics, 
which  usually  suggest  the  function  to  be  performed. 

Alternatively,  the  first  two  letters  of  the  module  followed 
by  the  character  S and  the  subroutine  number  are  given,  e.g.  : 

CYS1  = subroutine  1 in  CYCXM 
TMS10  = subroutine  10  in  TMOTM 

MTRX1  = matrix  transformation  routine  1 in  SERVM 

Mnemonics  for  variables  and  parameters  are  restricted  to  six 
characters  or  fewer 

Unique  mnemonics  are  used  throughout  the  basic  system 

The  alphabetic  character  O is  used  only  in  COMMON, 

DIMENSION,  or  as  a lead  character.  The  third  character 
of  PROPM  is  thus  the  number  zero.  No  lead  numeric  is 
permitted  in  any  mnemonic 

5.2.  1.2  Program  Constants  and  Temporary  Storage 

A set  of  program  constants  (Sec.  2.4.3,  Vol.  II),  to  be  used  in 
preference  to  individually  defined  constants  on  a model  basis,  have  been 
assigned  to  the  Service  module  (SERVM)  as  labeled  common.  This  assures 
consistent  use  of  fundamental  constants  throughout  the  TRP  system,  especially 
conversion  constants  and  frequently  used  floating  and  fixed  point  numbers. 

Four  types  of  temporary  storage  cells  are  also  defined: 

IT00  -*■  ITXX  (integer) 

TOO  -*  TXX  (real) 

IA00  -*  IAXX  (integer) 

A00-AXX  (real) 

where  XX  indicates  numbers  in  increasing  size.  ITXX  and  TXX  cells  may  be 
used  by  all  modules  exedpt  the  Service  module;  the  contents  of  the  cells  are 
not  preserved  from  module  to  module.  IAXX  and  AXX  cells  are  used  primarily 
by  the  Service  module,  but  they  may  be  used  by  other  modules  (with  caution, 
because  the  contents  may  be  destroyed). 
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5.  2.  1.3 


Integration  and  Integration  Lists 

Each  module  controlled  by  the  Integration  Executive  module 
(INTXM)  may  specify  a list  of  variables  to  be  integrated,  which  is  known  as 
the  INTXM  master  integration  list.  The  manner  in  which  the  modules  specify 
their  integration  variables  is  to  call  Service  module  subroutine  SINT,  one  call 
per  variable.  The  parameters  in  each  call  consist  of  three  words: 

Integration  variable 
Derivative 
Integration  flag: 

0 = do  not  integrate  this  variable  (null) 

1 = low  frequency  integration  is  required 

2 = high  frequency  integration  is  required 
4 = trapezoidal 

1C  = single  frequency  with  accuracy  control  for  INTX4 

The  specification  of  each  variable's  integration  is  performed  by 
the  modules  at  all  event  times  necessary  to  satisfy  the  computing  requirements. 
A sample  TMOTM  integration  setup  is: 

CALL  SINT(PXIP,  VXIP,  1) 

CALL  SINT(PYIP,  VYIP,  1) 

CALL  SINT(PZIP,  VZIP,  1) 

which  specifies  the  integration 


=/vi dt 


The  specification  of  the  first-order  portion  of  a second-order  integration 
should  be  physically  located  after  the  second-order  specifications,  e.  g.  , 


For  model  INTX4,  the  flags  have  been  preset  to  provide  accuracy  control 
information.  The  flag  value  divided  by  10  gives  the  number  of  digits  of 
accuracy  required. 
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VXIP  integration  should  be  specified  after  PXIP  integration.  Following  this 
procedure  ensures  that  timing  problems  are  minimized. 

5.  2.  2 Statement  Cards 

5.  2.  2.  1 Statement  Numbering 

Statement  numbers  should  be  used  in  increasing  numerical 
order,  with  gaps  in  numbering  of  10  or  more  to  allow  insertion  of  new  numbers 
between  two  existing  statement  numbers.  The  return  statement  number  at  the 
end  of  each  module  entrance  routine  should  be  199,  the  return  statement 
number  at  the  end  of  each  model  should  be  299,  and  the  return  statement 
number  at  the  end  of  each  subroutine  other  than  a model  should  be  399. 

Continuation  cards  for  a FORTRAN  statement  should  be 
numbered  consecutively  from  1,  2,  ...,  9,  A,  B,  etc. 

5.2.  2.  2 Comments  Cards 

Comments  cards  (C  in  cc  1)  should  be  used  following  the  sub- 
routine name  identifying  the  module  to  which  the  subroutine  belongs,  the 
intended  usage  of  the  routine,  and  the  parameters  used  in  the  calling  sequence. 

A sample  commentary  for  the  Service  module  subroutine  ASIND 
identification  might  be: 

1 31  71 

c 

c * « * * * # ASIND  (SERVM)  * * * * * * 
c 

c ARC  SINE  IN  DEGREES 

c 

c A = ASIND!  X) 

c X - SINE  OF  A 

c 

Comments  should  also  be  sprinkled  liberally  through  the  coding,  in  detail 
sufficient  to  identify  the  function  the  coding  is  to  perform.  Commentary 
should  start  in  cc  31  for  ease  of  recognition. 
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Program  Variables 
Labeled  Common 

Each  module  has  two  areas  of  labeled  common,  one  for  input 
variables  and  table  addresses  and  another  for  output  variables.  The  name 
associated  with  each  contains  the  first  three  characters  of  the  module  name 
followed  by  an  I or  V to  designate  the  input  or  output  section,  plus  a number 
(i  to  n),  except  for  the  first  in  each  I and  V section.  The  first  word  in  each 
block  has  the  block  name  followed  by  an  S and  is  the  size  parameter  of  the 
block,  and  the  second  has  the  block  name  followed  by  an  N and  contains  the 
name.  For  the  first  block  in  the  input  s-iction,  the  next  words  is  the  initializa- 
tion model  name  followed  by  the  computation  model  name(s).  All  are  the 
integer  type,  followed  by  the  variable  names  in  the  other  blocks.  The  last 
word  is  the  block  name  followed  by  an  E,  preset  to  3HEND,  e.  g.  : 

COMMON/ TMOI/TMOIS,  TMOIN,  TMOTI,  TMOTL,  . . . , TMOIE 
COMMON/ CYCI1/CYCI1S,  CYCI1N.Q0P1,  . . • , CYCI1E  , 

\ j For  modules  driven  by  INTXM,  the  computation  model  names  end  in  L and  H 

to  designate  low  or  high  frequency  models.  Those  external  to  INTXM  have 
only  one  computational  model  which  ends  in  G to  designate  the  general  model. 

Table  variables  must  be  two-dimensional;  the  first  cell  con- 
tains the  BUCKET  location  of  the  table  data,  and  the  second  cell  the  table 
multiplier.  The  second  cell  is  preset  Hollerith  with  the  table  name  in  TRP2. 
The  value  of  the  multiplier  is  present  in  TRP3. 

Variables  in  labeled  common  are  spaced  evenly  across  a page, 
six  per  line,  to  maintain  legibility  (the  commas  should  be  in  cc  17,  28,  39, 

50,  61,  and  72).  Data  statements  with  name  and  value  are  spaced  three  sets 
per  line  for  the  same  reason  (the  commas  are  in  cc  31  and  52). 

The  size  parameters  at  the  start  of  each  labeled  common  area 
are  used  for  two  purposes:  as  a stepping  stone  for  incrementing  through  the 
labeled  common  by  the  data  processing  routines  and  as  a flag  for  the  intermedi- 
ate image  subroutine  (a  negative  number,  preset  to  5HSIZEN  indicates  that  an 


u 


5.2.3 
5.2.3.  1 
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image  is  not  to  be  made  and  a positive  number,  preset  to  4HSIZE,  indicates 
that  an  image  of  that  data  block  is  to  be  made) . The  second  word  is  preset 
Hollerith  with  the  block  name. 

All  symbols  in  the  labeled  common  blocks  are  preset  Hollerith 
by  data  statements  m TRP2;  the  name  of  the  symbol  serves  as  a dictionary 
and  presets  values  in  TRP3.  Note  that  the  common  blocks  should  be  identical 
in  TRP2  and  TRP3,  or  input  will  be  made  to  the  wrong  areas. 

5.  2.  3.  2 Blank  Common 

The  blank  common  area  is  reserved  for  the  data  BUCKET 
sections  that  reside  permanently  in  core  (including  event  criteria  list  data, 
table  data,  general  data,  secondary  vehicle  storage,  and  parameters  associated 
with  case  and  data  locations).  No  other  use  of  blank  common  is  permitted. 

5.2.  3.3  Local  Variables 

The  creation  or  use  of  local  variables  in  subroutine  coding  is 
discouraged;  use  the  Service  module  temporary  storage  cells  whenever 
possible.  TRP  is  an  overlay  program;  local  variables  set  on  the  first  call  of 
an  overlay  do  not  retain  the  same  values  on  subsequent  calls  of  the  overlay. 

If  the  contents  need  to  be  retained,  a new  cell  in  the  module  variable  data 
(V)  should  be  defined. 

5.2.4  Table  Usage 

Each  table  in  TRP  reaaires  two  cells  of  storage  in  the  input 
section  of  a module  labeled  common.  The  mnemonic  used  to  define  the  table 
should  end  with  the  letter  T.  The  first  cell  of  the  two -word  labeled  common 
array  is  filled  at  event  initialization  time  with  the  BUCKET  relative  address 
of  the  table  data  by  data  processing  routines  executed  by  the  TSPXM  module. 
The  second  word  contains  the  table  multiplier  for  I type  tables  or  an  option 
flag  for  T type  tables.  Tables  using  an  I conversion  code  are  interpolation 
type  tables,  which  are  evaluated  by  the  Service  module  function  GTBLU.  Data 
blocks  are  input  using  the  T,  or  tabular  conversion  code,  T tables  permit 
intermixing  of  Hollerith  and  decimal  data  for  special  applications. 


In  the  TRP2  overlay,  the  second  word  of  the  labeled  common 
table  array  is  preset  with  the  table  name.  An  input  processing  routine  of  the 
INP2M  module  can  then  match  this  name  against  an  input  name  and  replace 
the  input  name  with  the  SERI  labeled  common  relative  index  to  enable  match- 
ing in  overlay  TRP3. 

The  second  word  of  the  table  array  is  preset  (for  I tables)  by 
a data  statement  to  the  value  one.  This  value  is  used  as  a table  multiplier 
for  all  tables  evaluated  by  GTBLU.  At  event  time  the  first  cell  is  filled  by 
the  relative  address  determined  in  the  TRP2  overlay. 

5.2.5  TRP  File  Usage 

Tape  assignments  are  defined  in  the  Service  module  labeled 
common  SERI1.  Al!  references  to  tapes  must  be  made  using  the  mnemonic 
name  rather  than  the  integer  tape  number;  otherwise  input  tape  assignment 
changes  cannot  be  made  (Table  5-1). 

Tape  operations  should  be  referenced  in  the  following  manner: 

WRITE  (ITDATA)  List 
READ  (ITIMGR)  List 
REWIND  ITIMGR 
END  FILE  ITIMGW 
IF  (EOF  (ITIMGR))  10,  20 

External  setup  operations  (control  cards  and  program  card) 
must  use  TAPEnn  (TAPE99  corresponds  to  ITDATA). 

5.2.6  Utility  Subroutines 

5.2.  6.1  MODX  Routine  Usage  * 

The  MODX  routines  of  the  Service  module  are  used  to  translate 
and  execute  the  initialization  or  computation  models  of  modules.  The  MODX 
routine  consists  of  a Hollerith  dictionary  of  model  names  and  a matching  GO  TO 
statement  containing  statement  numbers  that  call  the  model,  e.  g.  : 

CALL  M0DX35(TM0TI) 
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Table  5-1.  TRP  Tape  Reference  Names 


Name 

Description 

Preset  (integer) 

ITDATC 

BCD  punch  card  images  |K"ICH| 

3 

1 itinpt" 

BCD  input  card  images  (INPUT) 

5 

ITOTPT 

BCD  printed  output  (OUTPUT) 

6 

MSUMRY* 

BCD  run  summary 

13 

(equivalent  to  74) 

ITPRNT 

Auxiliary  BCD  printed  output 

74 

ibin' 

Binary  input  data  deck 

76 

obin" 

Binary  punch  of  input  data  (PUNCHB) 

77 

itintg' 

Contains  block  print  format 

78 

itcimg~ 

Case  image  of  input  data 

80 

ITT1PL 

Residual  plot  data,  PFRP  tape  I 

81 

ITT2PL 

Residual  plot  data,  PFRP  tape  2 

82 

ITT3PL 

Residual  plot  data,  PFRP  tape  3 

83 

ITT4PL 

Residual  plot  data,  PFRP  tape  4 

84 

ITT5PL 

Residual  plot  data,  PFRP  tape  5 

85 

ITT6PL 

Residual  plot  data,  PFRP  tape  6 

86 

ITT7PL 

Residual  plot  data,  PFRP  tape  7 

67 

ITT8PL 

Residual  plot  data,  PFRP  tape  8 

68 

ITT9PL 

Residual  plot  data,  PFRP  tape  0 

69 

ITAKTP 

Observation  partials  tape  for  PFRP 

87 

ITMATP 

Weighted  observation  partials 

88 

ITITIM 

Iteration  image 

89 

ITGUID 

Inertial  position  ar.d  velocity  for  PFRP 
RTC  output 

90 

IT  D ATI 

PFRP  observation  input  tape  1 

91 

ITDAT2 

PFRP  observation  input  tape  2 

92 

IT  DAT  3 

PFRP  observation  input  tape  3 

93 

ITDAT4 

PFRP  observation  input  tape  4 

94 

IT  DAT  5 

PFRP  observation  input  tape  5 

95 

ITDAT6 

PFRP  observation  input  tape  6 

96 

ITIMGR 

Intermediate  image  read 

97 

ITIMGW 

Intermediate  image  write 

98 

IT  DAT  A 

Data  tape  1 

99 

ITDATB 

Data  tape  2 

75 

ITPFSV 

Labeled  common  image  for  ERR2  and 
carryover  parameter  tape  for  TSPX1 

79 

ITCOVM 

Covariance  matrix  carryover  to  the 
next  case 

73 

T9300V 

9300  BCD  output  file 

70 

IFTRP* 

Unblocked  BCD  auxiliary  input  file 

71 

u 


I 


where  TMOTI  contains  5HTM0TB,  the  input  specified  TMOTM  initialization 
model.  When  the  dictionary  translation  is  completed,  the  call  to  M0DX35 
results  in: 

110  CALL  TMOTB 
RETURN 

The  call  to  the  MODX  routines  is  normally  made  in  the  M 
section  of  a module  except  for  modules  controlled  by  the  Integration  Executive 
module  (INTXM),  which  are  called  by  subroutine  CINDER  to  evaluate  deriva- 
tives. The  MODX  routines  are  used  as  follows: 


M0DX1 

Reads  overlay  3, 1 (executive  modules) 
and  MPEXM 

M0DX2 

Reads  overlay  3,  2 (derivative  models) 
and  executes  the  integration  model 

M0DX3  V 

Reads  overlay  3,  3 (iteration  information 
models) 

M0DX4* 

Reads  overlay  3,4  (iteration  models) 

M0DX&* 

Reads  overlay  3,5  (initialization  models) 

and  executes  the  integration  initialization  model 

MODX  6 

Reads  overlay  3,  6 (print  overlay) 

M0DX3i 

Executes  the  models  that  reside  in  overlay  3,  1 
(1  < i < 5) 

PRNCN 

Executes  the  subroutines  in  overlay  3,  6 
(print  control  execution) 

* 


M0DX3,  4,  5,  and  6 are  entry  points  that  reside  in  Subroutine  M0DX2. 


n 


*5 


i 


i 
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5.  2.  6.  2 


Trigonometric  Functions  and  Subroutines 


The  following  trigonometric 


functions  and  subroutines  are 


contained  in  the  Service  module.  These  routines  should  be  used  to  ensure 
compatible  results  in  all  TRP  program  areas.  The  calling  sequences  and 
outputs  are: 


A = ACOSD(X) 

Arc  cosine  (X),  deg 

(0  < A < 180) 

A = ASIND(X) 

Arc  sine  (X),  deg 

(-90  < A < 90) 

A = ATAND(X) 

Arc  tangent  (X),  deg 

(-90  < A < 90) 

A = ATAND2(X,  Y) 

Arc  tangent  (X/Y),  deg 

(-180  <AS  180) 

X = COSD(A) 

Cosine  of  angle  A,  deg 

X = SIND(A) 

Sine  of  angle  A,  deg 

X = TAND(A) 

Tangent  of  angle  A,  deg 

CALL  SCFD(  A,  SX,  CX) 

where  A is  the  angle  (deg),  SX  is  the  sine  function  output,  and  CX  is  the 
cosine  function  output. 

The  arc  function  routines  for  sine  and  cosine  have  built-in 
error  tolerances  for  numbers  slightly  larger  than  one.  Values  greater  than 
one  but  less  than  the  tolerance  are  set  to  the  value  appropriate  to  the  argu- 
ment of  one. 


5.  2.  6.  3 Vector  Functions  and  Subroutines 


Several  vector  (three-dimensional)  functions  and  subroutines 
are  available  in  the  Service  module  for  use  in  TRP  programming: 


CALL  AVECT  (A,  B,  C)  Cross  product 

C = DVECT  (A,  B)  Dot  product 

C = VSQRT  (A)  Norm  of  vector 


(C  = A x B) 

(C  = A . B) 

(C  = (A  • A)1/2) 
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5.2.  6.  4 


Matrix  Operations 

Matrix  multiplication,  rotational  matrix  evaluation,  and 
matrix  equation  subroutines  are  contained  in  the  Service  mouule  to  facilitate 
TRP  programming: 

• 3X3  matrix  multiplication:  (Z)  = (X)  (Y) 

X = (3  X 3) 

Y = (3  X 3) 

Z = (3  X 3) 

Array  Storage 


Call  Statement 

X 

Y 

Z 

CALL  M33CCC(X,  Y,  Z) 

Col. 

Col. 

Col. 

CALL  M33CCR(X,  Y,  Z) 

Col. 

Col, 

Row 

CALL  M33CRC(X,  Y,  Z) 

Col. 

Row 

Col. 

CALL  M33CRR(X,  Y,  Z) 

Col. 

Row 

Row 

CALL  M33RCC{X.  Y,  Z) 

Row 

Col. 

Col. 

CALL  M33RCR(X,  Y,Z) 

Row 

Col. 

Row 

CALL  M33RRC(X,  Y.Z) 

Row 

Row 

Col. 

CALL  M33RRR(X,  Y,  Z) 

Row 

Row 

Row 

• 3X1  matrix  mu1tiplication:  Z 

X = (3  X 3) 
Y = (3  X 1) 
Z = (3  X 1) 

= (X)  Y 

CALL  M31C(X,  Y,  Z)  Z stored  by  columns 

CALL  M3 1R(X,  Y,  Z)  Z stored  by  rows 

Note  that  a transpose  is  indicated  by  specifying  that  the  matrix  be 
stored  opposite  to  the  manner  in  which  it  actually  is  stored. 


• General  matrix  multiply:  (Z)  = (X)  (Y) 

X = (M  X N) 

Y = (N  X P) 

Z = (M  X P) 

CAT-L  MTRX5(X,  Y,  Z,  M,  N.  P,  I) 


Option  Flag 
I 

X 

Array  Storage 
Y 

Z 

0 

Col. 

Col. 

Col. 

1 

Cel. 

Col. 

Row 

2 

Col. 

Row 

Col. 

3 

Col. 

Row 

Row 

4 

Row 

Col. 

Col. 

5 

Row 

Col. 

Row 

6 

Row 

Row 

Col. 

7 

Row 

Row 

Row 

Rot  .al  Matrix  i- valuation:  (Q)  = (ROT)  (P) 


Transform:.  a 3 '<  * •'-‘ho,  anal  matrix  through  three 
angles  a1  it  any  of  thr  j axes.  The  input  matrix  P 
may  be  a unit  (IDEhT  iFY)  matrix.  The  output  matrix 
Q may  have  tve  same  name  as  the  input  matrix.  The 
calling  sequence  is: 

CALL  MTRX1(P,Q,  L,  R^,  a{,  R2»  Rj,  a^) 

where  P = input  matrix 

Q = output  matrix 
L - option  flag  for  P,Q  storage 


L 

P 

Q 

0 

Col. 

Col. 

i 

Col. 

Row 

2 

Row 

Col. 

3 

Row 

Row 
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Note  that  the  transpose  of  either  P or  Q may  be  used. 
Rj,  R^,  Rj  = rotation  axis  choices  of  classes  0,  1,  2, 
3 in  arbitrary  order.  (The  class  specification  is  by 
plus  or  minus  integer;  if  minus,  change  the  sign  of  the 
rotation  angle).  The  first  zero  or  the  third  rotation 
terminates  the  list. 

a ^ = rotation  angles  associated  with  Rj.R^,  R^ 
Rotation  matrix  classes  (0  = NULL)  for  a given  <*: 


Class  1 


cos  sin 


-sin  cos 


Class  2 


Claes  3 


cos  sm 


-sin  cos 


sin  0 


0 1 


Solution  of  matrix  equation:  X = (A)'  B.  Cramer's  Rule  is 
used  to  solve  for  X,  where  the  determinant  is  evaluated  by 
the  scalar  triple  product: 

A = (3  X 3)  matrix  stored  by  rows 
B = (3  X 1)  right-hand  vector 
X = (3  X 1)  solution  vector 

CALL  EQNS(  A,  B,  X) 

Transformation  matrix  from  orbit  plane  to  inertial 
coordinates.  The  call  statement  is: 


where 


CALL  XY2RTC(X,  RTC,  I) 


X = !-CI  position  and  velocity  vector  (six  elements) 

I = Option  flag: 

0 = X to  RTC 
3 = RTC  to  X 

RTC  = Output  transformation  matrix  (3  X 3), 

in  the  order  radial,  intrack,  crosstrack 
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5. 2.  6.  5 


Data  Retrieval 


Several  routines  are  used  in  the  Service  module  to  obtain 
information  from  the  four  areas  of  the  data  BUCKET : event  criteria  list, 
tabular  data,  general  input  data,  and  multiple  vehicle  data  reservoir.  The 
routines  are  used  as  follows: 

CALL  DTSLMIVEH,  S) 

Passes  through  the  event  criteria  list  data  portion  of  the 
BUCKET  until  vehicle  IVEH  is  found  and  then  executes 
subroutine  S to  process  each  event. 

CALL  DTSL2( IVEH,  IESN) 

Passes  through  the  tabular  data  portion  of  the  BUCKET  until 
vehicle  IVEH  and  ESN  IESN  are  found.  If  then  executes  sub- 
routine DTSL4  for  processing  each  table. 

CALL  DTSL4(I) 

Sets  the  BUCKET  address  pointer  in  the  input  section  of  a 
module  for  a table,  starting  at  location  I of  the  BUCKET. 

F = GTBLU(I) 

General  table  lookup  of  table  I (Sec.  2.4,  Vol.  LT). 

CALL  DTSL3(IVEH,  IESN) 

Passes  through  the  general  input  data  portion  of  the  BUCKET 
and  executes  subroutine  DTSL5  for  each  input  variable  per 
module  when  vehicle  IVEH  and  ESN  IESN  have  been  matched. 

CALL  DTSL5(I) 

Moves  the  general  data  from  location  I of  the  BUCKET  to  the 
module  input  data  area.  Passes  the  auxiliary  variable  name 
from  location  1+1  to  input  area+1  (if  defined). 
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CALL  DTSL10(IVEH,  IESN) 

Passes  through  the  general  data  portion  of  the  BUCKET 
until  vehicle  IVEH  and  ESN  IESN  are  matched  and  then 
sets  the  location  of  the  event  description  input  into  pointer 
cell  EVENT. 

B = XVEH(  A,  IV) 

Retrieves  variable  A from  vehicle  IV  for  routines  requiring 
cross  vehicle  information. 

B = XVEH1(K,  IV) 

Retrieves  the  variable  specified  by  a BASKET  relative 
location  from  vehicle  IV  for  routines  requiring  cross 
vehicle  information.  BASKET  is  the  first  cell  of  labeled 
common,  to  which  all  labeled  common  names  are  relative. 

5.  2.  6.  6 Miscellaneous  Operations 

Numerous  additional  routines  are  available  in  the  Service 
module  for  transmitting  information  internally  or  externally.  Some  of  the 
more  frequently  used  are  listed  below: 

CALL  AUXF(I) 

Computes  auxiliary  variable  I.  If  I is  not  an  auxiliary,  it  is 
set  to  zero  by  AUXF;  otherwise,  the  computation  for  I is 
executed.  If  I is  negative,  computes  all  auxiliaries. 

CALL  ERR1(M) 

Makes  an  error  print  of  the  six  Hollerith  characters  M onto 
the  standard  output  file  and  then  returns. 

CALL  ERR2(M) 

Same  as  ERR1,  except  that  the  case  is  dumped  and  terminated. 
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F = GTBLU(I) 

Performs  general  table  lookup  on  table  I. 

CALL  IMU5B(SA,  CA,  ANGLE) 

Computes  an  angle  given  the  sine  SA  and  cosine  CA  of  that 
angle.  The  magnitude  of  the  angle  is  unlimited,  but  the 
angle  is  not  permitted  to  change  by  more  than  180  degrees 
per  calculation. 

CALL  LINE(I,  H,  A,  B,  C,  D,  E,  F) 

Prints  variables  A through  F on  line  I for  H module 
(or  blank)  onto  a standard  output  file. 

XLM  = LMIT2(X,  Y) 

Limits  the  magnitude  of  X to  |Y  |. 

B = POLYMA,  X,  N) 

Evaluates  a polynomial  for  B given  the  order  N,  coefficient 
vector  A,  and  argument  X. 

CALL  PRNT1 

Prints  the  normal  TRP  block  print  onto  the  standard  output  file. 
CALL  PRNT2 

Prints  the  current  event  discontinuity  header  information  onto 
the  standard  output  file. 

AQ  = QNTZ2( A,  B) 

Quantizes  A by  B and  rounds  oft  to  the  next  multiple  of 
B in  A if  half  or  greater. 

AQ  = QNTZ3(A,  B) 

Quantizes  A by  B.  If  negative,  quantizes  away  from  zero 
(does  not  round  off  as  in  QNTZ2). 
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CALL  RAND1{A,N) 


Random  number  generator.  Normal  distribution,  zero 
mean,  and  unit  variance: 

A = random  number 

N = integer  starter  for  random  sequence,  stored 
and  retrieved  from  this  cell 
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SECTION  6 


ERROR  CHECKING,  ABORT  PROCEDURES,  AND 
SPECIAL  FEATURES 


Y/hen  TRP  runs  terminate  abnormally,  various  diagnostic 
codes  and  comments  are  printed  at  the  termination  point  to  indicate  the  error 
condition  detected.  These  codes  and  comments  are  explained  in  this  appen- 
dix; the  corrective  action  to  be  taken  is  also  indicated  whenever  possible. 

This  appendix  is  divided  into  the  following  categories: 


Execution  errors 

Errors  detected  when  the  trajectory  is 
being  simulated 

Systems  errors 

Errors  detected  by  the  operating  system 

Input  errors 

Errors  detected  while  input  d,  a cards 
are  being  processed 

6.  1 

TRP  EXECUTION  ERRORS 

Error  Code  Module 

Description 

ABGK12 

AERMM 

Error  in  model  AERMD.  Check  inputs  of 
coefficients. 

AC0SD 

SERVM(1) 

Arc  cosine  function  error  (cos  a > 1.01), 

AERMH 

AERMM 

Error  in  model  AERMH.  Computations  have 
yielded  unreasonable  results.  Check  inputs. 

ARGF 

SERVM 

Occurs  when  the  function  code  for  an  overall 
ARG  equation  is  specified  as  tabular  or  a vec- 
tor square  root.  Also  occurs  if  a dot  product 
function  code  is  specified  for  variables  2,  4 
or  the  overall  equation. 

ARGFR 

SERVM 

Occurs  when  the  function  code  for  an  overall 

ARG  equation  is  specified  as  random  noise 
(option  19). 


I 

j; ; 

t i 


p 


Error  Code 

Module 

Description 

ARGFXV 

SERVM 

Occurs  when  the  function  code  for  variables 
1,  3,  or  the  overall  equation  is  specified  as 
cross  vehicle  (option  20). 

ARGI 

SERVM 

Generalized  argument  (ARG.)  is  indirectly  a 
function  of  itself. 

ASIND 

SERVM(1) 

Arc  sine  function  error  (sin  a > 1.01). 

AUX  36 

SERVM 

This  ARG  function  option  is  not  available. 

AUX  37 

SERVM 

This  ARG  function  option  is  not  available. 

AUX  41 

SERVM 

This  ARG  function  option  is  not  available. 

BIAS  P 

INTERM 

Trying  to  use  other  than  a function  value  of 
a tabular  bias  partial.  Check  ITVT  inputs. 

DTS  = 0 

CYCXM 

Integration  step  size  equals  zero.  Indicates 
that  the  input  step  size  associated  with  the 
active  time  channel  is  zero  (NTC2  = 1.  and 
DTG11  = DTG12  = 0.). 

DYNF  X 

INTXM 

Logic  error  in  integration  equations;  flag 
value  bad.  This  should  not  happen. 

ENDCAS 

MPEXM 

This  is  not  an  error  condition,  but  a dump  at 
the  normal  end  of  a case  in  response  to  the 
input,  DMPF  ^ 0. 

ESN  = 0 

TGOEM 

An  event  has  been  reached,  but  the  ESN  (event 
sequence  number)  is  undefined.  This  occurs 
when  cm’dsncc  is  trying  to  stage  but  has  named 
an  ESN  that  is  not  being  monitored.  It  usually 
means  that  events  have  occurred  in  an  unex- 
pected sequence. 

GTBLU 

SERVM(1) 

Logic  error  in  the  general  tabic  lookup  rou- 
tine. Machine  error. 

l 
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Error  Code 
GTBLUi 


HALVE 


IMPACT 


Module  Description 

SERVM^  Illegal  entry  to  GTBLU  (general  table  lookup 
routine).  Occurs  when  a table  argument  is 
an  ARG  function  whose  evaluation  depends  on 
another  table. 


INTXM  Problem  in  model  INTX4;  had  to  cut  step  size 

in  half  too  many  times  in  succession  to  meet 
error  tolerance.  Check  inputs  for  error 
tolerance  and  step  size. 

ENVRM  Vehicle  has  impacted  (H  < CRASH).  CRASH 

is  an  input. 

This  can  be  due  to  a number  of  errors,  some 
gross  and  some  very  small.  In  general  it 
means  that  the  vehicle  has  failed  to  reach 
orbital  velocity  and  has  reentered  the  atmo- 
sphere unexpectedly  and  impacted.  Some 
possible  sources  of  error  are: 

a.  Thrust  is  insufficient  to  overcome  the 
weight,  and  the  vehicle  sank  at  the  pad. 

b.  The  final  event  (H  = 0)  was  missed  due 
to  an  input  error  in  the  event  criteria. 

c.  Trajectory  was  perturbed  enough  to  miss 
orbital  velocity. 

d.  Event  criteria  input  incorrectly,  forcing 
negative  integration  to  impact. 

e.  Event  criteria  input  incorrectly  for  a 
primary  event,  creating  an  unachievable 
condition,  and  resulting  in  an  impact 
error. 
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Error  Code 

Module 

Description 

INTX2 

INTXM 

Model  INTX2  is  being  requested  by  input;  not 
available. 

ITSO  F 

ITEF.M 

End  of  file  encountered  before  finding  desired 
ESN  of  iteration  image.  Probable  machine 
error. 

ITSO  P 

ITERM 

Iteration  image  parity  error.  Probable 
machine  error. 

IVOR DP 

SERVM 

This  error  condition  indicates  that  the  size 

of  labeled  common  in  overlay  TRP2  is  not 
the  same  as  in  overlay  TRP3.  This  indicates 
a programming  error  in  modifying  labeled 
common  storage. 


LOS BAD 

TMOTM 

Error  in  model  TMOTD;  line  of  sight  does 
not  intersect  the  earth. 

L0S1.2 

TMOTM 

Same  as  LOSBAD,  but  at  times  T1  and  T2. 

LFDT  = 0 

INTXM 

Low  frequency  step  size  (At^)  from  CYCXM 
equals  zero. 

MASS  = 0 

TMOTM 

Mass  < 0.  Equations  of  motion  cannot  be 
solved  with  a zero  mass. 

MODEL 

SERVM(1) 

An  undefined  model  has  been  selected  by 
input.  The  erroneous  model  will  be  printed 
preceding  this  error  code. 

MODPR 

SERVM 

Trying  to  use  a nonexistent  print  routine. 
May  need  to  recompile  to  get  subroutine. 

MPEXC 

MPEXM 

Model  MPEXC  is  being  requested  by  input; 

not  available. 
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REED  P 


RITE  P 


TH2LM 


TIVAL 


TMESNS 


CYCXM 


0LSTM 


SENSM 


SERVM 


SERVM 


RMOTM 


TMOTM 


TGOEM 


TRAP 


From 

System 


Description 

Too  many  integration  variables  have  been 
assigned.  Set  input  NIV  for  the  correct 
number. 

None  of  the  three  time  channels  has  been 
indicated  to  be  active.  NTC1,  NTC2,  and/or 
NTC3  must  be  set  nonzero. 

Illegal  model  requested,  acceptable  names 
are  SNOP,  SDIF,  SVECT,  GTM1,  and  GTM2. 

Complaint  from  model  SENSC  that  model  was 
executed  without  tables  of  satellite  position 
input. 

Ten  consecutive  parity  errors  while  reading 
a file.  Machine  error. 

Ten  consecutive  parity  errors  while  writing 
a file.  Machine  error. 

> ^ U8“18  RM0T1  (Euler  angle  integra- 

tions). Switch  to  RM0T2  or  redefine  the  gim- 
bal  system  order. 

Out  of  bounds  on  performing  linear  interpola- 
tion on  TiVAL  tables 

Too  many  events  have  been  encountered  and 
exceeded  storage  allocation.  Reduce  the  num- 
ber of  events  in  the  input  deck. 

Indicates  that  the  operating  system  has  dis- 
covered an  error  (Sec.  C.2). 


PFRPM  Error  Messages 


INSUFFICIENT  TEMP  STORAGE  FOR  PFRP  - 
PFA  SIZE  IS  XXXX,  SIZE  REQUESTED  IS,  XXXX 

Reduce  the  dimensions  of  the  problem  or  check  for  am  MD1T 
input  error. 

♦♦PROBABLE  SYMQR  ERROR**  INDICATOR  = 

The  trace  or  square  of  the  matrix  solution  indicates  a probable 
solution  error.  May  be  due  to  input  specifications  of  weighting 
or  problem  statement. 

6.2  SYSTEM  ERRORS 

These  abort  conditions  are  detected  by  the  operating  system, 
which  sends  control  to  the  system  control  card  following  the  EXIT  control 
card.  This  terminates  the  TRP  case  being  run  and  sends  control  to  the 
abort/cleanup  routine  in  TRP,  which  prints  the  error  code  TRAP,  ends  all 
tapes,  and  dumps  out  the  variable  storage.  TRP  does  not  process  data  cards 
for  succeeding  cases. 

System- recognized  errors  are  identified  by  the  printing  of  the 
error  code  TRAP.  Further  explanation  of  the  type  of  error  is  found  on  the 
system  Dayfile. 

DAYFILE  Comment 

MAX  LINES  EXCEEDED 

More  than  the  anticipated  amount  of  printout  has  been  generated. 
TIME  LIMIT 

More  than  the  allotted  amount  of  CP  time  has  been  used. 

BCD  INPUT**ENDFILE  INPUT 

TRP  control  card  1.  (end  of  case)  is  missing. 
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OPERATOR  DROP 

A comment  from  the  operator  will  appear  before  this  line, 
indicating  why  the  job  was  dropped.  Usually  caused  by  a 
machine  malfunction. 

MT  XX,  UNRECOVERED  WRITE  (OR  READ)  PARITY  ERROR 

The  indicated  tape  has  an  impassable  bad  spot.  If  the  tape  is  being 
read,  it  usually  means  that  the  tape  will  have  to  be  recreated.  If 
it  is  a write  parity,  the  job  will  have  to  be  rerun. 

BINARY  INPUT**ENDFILE  INPUT 

In  the  iteration  mode,  this  error  can  be  caused  by  improper  input 
of  the  tape  comparison  variable  table  or  lack  of  input  of  the  table 
itself.  It  may  also  be  caused  by  starting  a trajectory  beyond  the 
start  of  the  observation  data  on  the  tape. 

ARITH  ERROR 

MODE  1 

Address  out  of  range.  Program  or  machine  error. 

MODE  2 

Operand  out  of  range  (i.  e. , infinite).  Usually  caused  by  zero 
divisors  (argument  not  input  for  a table,  inertial  velocity  = 0). 

MODE  4 

Indefinite  operand.  Caused  by  zero /zero  or  operations  with 
infinite  operands. 

MODE  0 - ADDRESS  0 

Field  length  too  short  for  TRP  to  be  loaded. 
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6.  3 INPUT  ERRORS 

Possible  input  data  card  errors  discovered  by  the  input 
processor  modules  (INP1M  and  INP2M)  are  listed  below.  When  these  errors 
are  discovered,  a comment  is  immediately  printed  and  processing  continues. 
A flag  is  set,  however,  which  disables  the  execution  of  that  case  and  any 
further  cases. 

PREVIOUS  CARD  IS  UNRECOGNIZABLE 

Card  code  (cc  9)  is  not  one  of  the  following:  blank,  L,  C,  H,  A, 

P,  I,  E,  T,  N. 

BUCKET  LIMITS  EXCEEDED 

Too  much  general  data  for  the  data  array.  Array  must  be  expanded, 
or  some  general  data  must  be  deleted. 

GENERAL  DATA  OUT  OF  ORDER 

Binary  milestone  deck  is  probably  out  of  order. 

DELETION  RANGE  EXCEEDS  TABLE,  NOT  DELETED 

Tabular  deletion  range  exceeds  the  data  range.  There  is  either 
an  error  on  the  deletion  range  number,  or  multiple  deletions  were 
not  put  in  reverse  order. 

LAST  TABLE  PROCESSED  HAS  ARGUMENT  OUT  OF  ORDER 
TABLE  NAMET 

Independent  variable  mua.  increase  algebraically  from  first  to 
last  entry. 

TABLE  DATA  OUT  OF  ORDER 

Binary  milestone  deck  is  probably  out  of  order. 

TABLE  TO  BE  ALTERED  (NAMET)  DOESN'T  EXIST 

Table  to  be  altered  cannot  be  found.  Check  table  name,  ESN, 
vehicle  number,  module,  and  subtable  number. 
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PREVIOUS  DELETION  CARD  IS  UNRECOGNIZABLE 

Deletion  card  must  have  in  cc  9:  blank,  L,  I,  T or  Z. 

BUCKET  OUT  OF  ORDER 

Binary  milestone  deck  is  probably  cut  of  order. 

ERROR  THE  SYMBOL  XXXXXX  IS  ILLEGAL 

An  alphabetic  character  has  been  found  in  a numeric  field. 

DATA  FOR  DELETION  NOT  FOUND 

Self  explanatory.  Check  name-  ESN,  vehicle  number  a:id  module. 

SYMBOL  XXXXXX  IS  UNDEFINED  --  MODULE 

Input  symbol  used  is  not  in  the  dictionary. 

SYMBOL  XXXXXX  IS  MULTIPLY-DEFINED 

Input  symbol  found  more  than  once  in  the  dictionary.  Program 
error. 

SUB  OR  X-REFERENCED  TABLE  NOT  FOUND 

Table  referenced  in  cross  referencing  or  in  a master  table  cannot 
be  found.  Check  the  input. 

ILLEGAL  TABLE  INTERPOLATION  TYPE 

Table  interpolation  type  must  be  ±0  through  ±25. 

SEQUENCE  ERROR  IN  DATA  BUCKET  AT  - XX  DATA 
VEH=X  ESN=XX  MOD=XXXXX  ITEM  = XXXXXX 

Binary  milestone  deck  is  out  of  order  at  the  indicated  location. 

ILLEGAL  RELATIVE  NUMBER  XX 

Relative  numbers  for  event  criteria  data  must  be  0 through  8. 
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LAST  TABLE  PROCESSED  DOES  NOT  HAVE  A TERMINAL 
FUNCTION  VALUE,  TABLE  NAMET 

The  number  o£  stored  argument  table  entries  must  be  even. 

NO  EVENT  DATA  FOUND  FOR  VEH  X,  ESN  XX 

If  table  01  general  data  are  found  for  an  ESN,  event  criteria  data 
must  also  exist. 

NO.  OF  I/V  SYMBOLS  EXCEEDS  SIZE  OF  SYMBOL  ARRAY 

Labeled  common  I/V  storage  has  grown  past  the  expected  limit. 
Program  error. 

XXXXXX  INPUT  MORE  THAN  ONCE -ERROR 

T tables  PLOTT  and  PL0T2T  may  not  appear  more  than  once  per 
case. 

PLOT  TABLE  LENGTH  IS  XXX,  MUST  BE  XXX  OR  LESS 

Maximum  number  of  entries  in  tables  PLOTT  and  PL0T2T  is  1000. 

TABLE  ENTRIES  NOT  IN  PROPER  ORDER 

T type  table  GRAVTT  entries  are  not  in  proper  order.  There  are 
four  values  per  entry:  n,  m.  J,  X;  n must  increase  first,  then  m. 

COPT  VESN  INPUT  ERROR 

Check  inputs  to  T table  COPT. 

ITVT  INPUT  ERROR 

Check  inputs  to  T table  ITVT 

N-TABLE  XXXXXX  ARGS  REVERSED,  N2=X,  N1=X 

The  inputs  for  n-dimensional  table  lookup  arguments  must  be 
ordered  with  the  largest  array  first,  then  descending. 
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N- TABLE  XXXXXX  VALUES  REVERSED  X Y 

The  inputs  for  arguments  must  be  in  ascending  numerical  value 
in  each  argument  array. 

N- TABLE  XXXXXX  SIZE  WRONG,  IS=X  SHOULD  BE  Y 

Check  inputs;  incorrect  number  of  entries  made. 

CVRT  SIZE  NOT  PROPER,  SIZE  IS,  XXX 

Input  error  made  in  CVRT  table  of  ITIFM;  inefficient  number  of 
entries. 

ITVT  SIZE  NOT  PROPER,  SIZE  IS,  XXX 

Input  error  made  in  ITVT  table  of  ITERM;  insufficient  number  of 
entries. 

ITVT  CMPESN  LT  ITVESN 

The  specified  comparison  ESN  for  terminating  partials  is  less  than 
the  iteration  variable  ESN  for  table  ITVT. 

******  XXXXXX  NOT  FOUND 

Parameter  XXXXXX  in  ITVT  table  was  not  found  for  ECL  criterion. 

******  TABLE  XXXXXX  VEH  XX  ESN  XX  NOT  FOUND 

Table  named  XXXXXX  was  not  found  for  VESN  requested  in  the 
ITVT  table. 

ITVT  UPPER  BOUND  LT  LOWER  BOUND 

Bounding  inputs  numerically  inverted  in  the  ITVT  table. 

6.4  CHECKPOINT  UTILIZATION 

There  is  no  checkpoint  utilization  in  TRP. 

6.  5 SPECIAL  CODING 

There  is  no  special  coding  in  TRP. 


4 ,5 


6-11 


--.v  ■ a -inf-1  uda. aa atm  .««« .utamaau 


APPENDIX  A 


SYMBOL  CROSS  REFERENCES 


TRP  program  symbols,  sorted  alphabetically,  are  listed  on 
pp.  A- 2 through  A-4i.  Each  symbol  is  identified  as  an  input  (I)  or  a variable 
output  (V).  The  labeled  common  name  with  the  implied  module  is  shown  in 
the  LCOM  column,  and  the  relative  location  of  the  symbol  within  the  labeled 
common  is  shown  in  the  LOC  column. 

TRP  program  symbols,  sorted  alphabetically  by  module,  are 
listed  on  pp.  A-42  through  A- 94. 
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SYMBOL  I/Y  LOOM  LOO  SYMBOL  Z/V  LCOM  LOC  SYMBOL  I/V  LCOM  LOC 


4o^MMTKt4MiAo4iPo4NaifiK«9>^0>oiAa0't)iM,)n«4«4cnin 
(Vi  M *4*4  m ■*  -r*  M *4  N *<  *4  X 

lllltliltllllflttlltlllllltlllilltll 

Vin  famv4r4fU«4*4T4«4NC\.'A'r4MMNrjr')CVJNt'>P>«4tfVv4v4'4tn  *y  w 

oacaoooorenoaooooaooaoueoooooeeoooeo 

srrrrxtrtiictrrsfrrtrtrirtrrttxrrErrr 


a a. 

w*  X T M M N M <Vi  CVI  M U. 

k(VJNNQ  H JH<a  t HNnj  JZ  J JZJJZO  <VJ  (L  M V O 

H Jt4(Vin4<hOUZZZ,>HHHYHHtfHHXHHH  OJh>X®X 

Utfl  J J JIWXO.  1-004  J<«(4UJXXy>->->-NNN  <44IIIZU<< 

t THMHMMjjjjjr  ^ a a a a a a a a aaaa  c ao'o'fv'o'ivo't/iin 


nan«(ro«OAi'<tmk-(i  »>or«(rn(viuvNrto«4Nno<4riiom(Vir)MN 

(\J  4 *4*4  *4  *4  NX)»4*(  «M  *4  *4  *4  M 

t I t i 9 f t I I I I I < I I I I I t I I I t 4 I t I I I I t • I I « I 

at  •<  ri  ifi  (m  h *4  m <a  fvi  <xj  <u  *4  r ^ w r»  r*>  winTiHrd^w  wn 

mh>>>>h>h>hmhhhhh>>>h>>h>>>hhm>>h>hh 

cioooooouaoocteoouaoouooBoaoactooooaoao 

trtxrtrrrrrrTrtrtrrYrrrtrrrrrttrxrtr 


Cl  J rl«4*4  Of4  Or*  Ot4  O 

J*4^HJZ(9»-ZIi  JhKt4NW(<(JXei_|ZrjJZa  JXk 

OWJ  JJZB!<<aHO0K4<<U)XXX>->'>‘NNNN4<4li)ZY<< 

xxhhhhhj  jjjjjco.t.aaaa.fi.a.iuiiiLfi.t.EYYYYYMKi 


W(TiOl(V<)t40<)4.t(\lOM«tOU\<lf4lftlVif4  1(VMN^.tW»4M<lKftikra<)fct 
ajro  «4Nt4  ^mkmivjh  ^nM(vjnM(vjyiMiai'riT4WW^~ifor( 

i i • i i t t t « • • i i i t i i i i • • • • i i • o i e i • ) t • • • 

IA  t4  (<m»4riNNrlrtrl(ViWMf<)(y  (V  <\J  W *VJ  <M  U1  Ifk  t\i  *4  IfttVICM 

aaoaooooooooeoooaaooooaooeoaoooooaao 

rrxrrxrttrrmrttrxtrrrj-Ttrrttxrrrrr 

t-  4“  t*  V*  K 1*  4—  1—  i"  (-*  K K K i"  V"  h~  h*  K K h*  V*  h*  K K 1 — K h-  K H 


M»W>»>^»4-4»»»»>»MMWMi>W>»W»>5*>4M»»>MWM 


cj  x w'ona  a a z w 

yu.««mo  jj  jH&ziii4Nn  r a x a ra-jowon  hn 

w hi  k ri  w w «j  > t.  it  n 2 7 t-  n m h h ii  MMi-wwi-wHfi''voz>oyi!\(r' 
Oa_i_J_J_ia(/)«tat-aoXr3«4«I<WXXXVVVKIMM»t«IXLU(3Zt-< 

xxMWMMMM_j_j_j_i_jrzaaaaaaaaaaaaaa-'  ftfft'aao'n'w 


A- 80 


! 

[ 

t 

f 


.-C.rTiv.  <lffJ e&JaLu v.  *»•.  .Y-JfAv : Mfeitafafit  w(  - .4 


PROGRAM  SYM30LS  SORTEO  ALPHABETICALLY  FOR  MODULE TMOTM  - 

SYMBOL  I/V  LOOM  LOC  SYMBOL  I/V  LCOM  LOC  SYMBOL  I/V  LOOM  LOC 


<0  •>  try  & lf\  OiKe^Hfn90<ff)V\iO<CNieeMNS>n«iSO 
nn(u<4^  rvi  h mm  <nmn»w  t<  4 ^<g  i 


• 1 1 1 1 < 1 i • t 1 • 1 1 • 1 1 1 t i • 1 1 1 1 1 1 1 


NjMUWrildiMON  (VI  «-4  (VI  (VI  N « « N W M 

aooooooooooooooooooonoODCoo 

Krrjtrrrrrrrrtrrjrrrtrrrttrr? 

»-  x.  t- 


_»  X O O Z -H  (M 

»- jHxa  u.  w)  o u.  or  m *-<  ro  _>  a _j  z w zo  . > 

^ujifflujrrrrroHHTwwirtxxxxxXNN  ^ 

C/>  CO  C0  V}  >-  »-  t-  *-  5»  >>>>  ^ >»»»»»>»  > I 


2 


iOt^MiOtf<ie«)o4eiN.t«4ieoK(iilMMonein  , 

hm  (vi(vi  m *-1  -*  (vi  ia»i  w jnirr  ^ 

1 l 1 « 1 « 1 t 1 l t 1 « l t l l t 1 1 1 1 1 1 1 • 1 t 

jvj  in  10  m 4«v  (v,  m (vi  cvj  «-<  «-<  (vi  m »<nnM  nw»n  1 

*■«  M W » » M » M M M »-«  » M » > » W > > » > M » » > » » »-»  i 

aaoaoaoooooaaooooaooouooarjoo 

crrrzzrirzzrcrrxrcxxtzrxrrtrt  s 


mwm>>m>mmhw>m>>>m>>>>w>>>>>m 


JX  H _l  Z o z Z (VI  H 

OVaOO.(MfLU.U.  U»-0*-l  >-  «*  (TmZZO-IOl-JZK' 

xx(M>3«tHi->o«irn'!iuk  x ► iiihmwh«'hm»- 

<OHJ<UHliriZ«DHJrtWW>XXXXXNNN 


K 

i 

l 

<* 

J 


jM<nMviriii\on'iflM(PNKiKMi!ia»i*  ri  «n  ri  in  m ao  o j 

(vi  *-4  mm  (vi  m (vi  .»  m w i i .(  m i"  ti  w * -4  m ♦ 


1 > 1 1 1 • • • 1 • • « 1 • • v '/  • 1 « 1 1 1 1 1 t • t ; 

NNIONrlWUMANdl  (VinrllM  m m (Vl  m m (M  (VJ  • 

mmw>>mmmw>*-m-i>>»>>>>>>>w>m»>>  , J 

ooooao»nooooaoo'3aooaaoaooaoo  < 

zrrrzzrzrzzzzrzzzzrrrrTzrrrz  , 5 


tn 

M U.  -J  Z •H  (VI 

l-C3<  lOHU-U-O  h O 3 < X OHfflHXM  2 a J a J 
V Nl  <•>  O'  0.  «J  ft  ni-l-amft  o'  (ft  <1  O X y nhwhmhhmiv 
««M_l<IC3QZXZT,rZQM_My(ftmC0XXX>-XMMM 
VH/I'DWI-I-HHI-I-KI-  !->>>>>>>>>>>>>>> 


A-8I 


! 


PROGRAM  SYMBOLS  SORTED  ALPHABETICALLY  FOR  MODULE——-  TRAKM - — 

SYMBOL  I/V  LCOH  LOC  SYMBOL  I/Y  LCOH  LOC  SYMBOL  I/Y  LCOM  LOC 


•a 

*0 

4 

K 

« 

40 

«4 

Cl 

tO 

4 

K 

Cl 

M 

MOO* 

«* 

0* 

Ml 

O* 

O 

to 

<c 

40 

M 

M 

40 

CM 

o 

n 

M 

4 

4 

Cl 

4 

N 

n 

* 

Ml 

o* 

o* 

o» 

4 

4 

Ml 

•L 

tw  4 CM 

N 

M 

Ml 

to 

ci 

• 

« 

v4 

4 

« 

W 

CM 

M 

4C 

<r 

<7* 

t4 

M 

«4 

1 

1 

1 

< 

1 

* 

« 

1 

i 

1 

i 

1 

« 

1 

t 1 1 

« 

1 

1 

1 

1 

1 

* 

t 

1 

* 

1 

* 

» 

1 

I 

• 

i 

1 

M 

M 

M 

M 

M 

M 

M 

> 

> 

> 

ml 

» 

M% 

m 

tO 

N 

n 

m 

.J 

«J 

mi 

mi 

ml 

.1 

N 

•4MM 

M 

4 

» 

mi 

mi 

ml 

_i 

*0 

CM 

M 

4 

fO 

W 

w* 

fO 

M 

<rl 

M 

M 

M 

M 

M 

> 

s* 

> 

M 

M 

M 

M 

M 

M 

> 

> > M 

M 

> 

> 

> 

M 

M 

M 

M 

M 

14 

M 

M 

> 

> 

M 

M 

M 

M 

•T 

0T 

ar 

•T 

r 

•T 

& 

or 

•T 

•r 

V 

•r 

ar 

r 

•r 

•rarer 

r 

or 

ar 

•r 

•r 

ar 

•r 

V 

•t 

•r 

•r 

•r 

•r 

ar 

•r 

ar 

•r 

ar 

M 

M 

M 

M 

m 

M 

►» 

M 

M 

M 

M 

M 

M 

M 

M 

VMM 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

H 

M 

» 

» 

> 

M 

M 

M 

w 

M 

M 

> 

» > M 

M 

» 

> 

> 

M 

►4 

M 

MMMMMVVM 

14 

M 

M 

n«vn 
o o D y n n • 


CM 


*1 

t*»M  M 4 l»»  W 


to 

40M 


BHHHKKiri'rt4N^4K(»OAK«KlfKH«0<BBaooOWjZZ 

t-winvtNMNNviok.k.k.KKjjjjjjNNNWKartrKvtfa'tfQr 


j».|>^<<<«OafiQOQOQtUUUUhlUUUklL  

uuouaoooeoaooeoooaoQQeoooeoooooeRoor 


#0n0«C«a«M«00I>N>4f>IW0«>4KPIVMa0M«MMenK^  4 
W «0NMR»n9O,O<«4WKn4MniftlAK*«KK>40ai)M(>  4D  m O' 


iNininM«44»*<  J J ^ J 

IMMMMM>>>MMMM 


MM  »>> 

JJ4  004nWKJJJigt*4RNf4  4nNw4 
mm>>>m>>>mmmmmmmmm>mmmm 


Kfl(««tftforar«ara(irtfarRKa(««««a'o(«VtfK«K««KKor(rar 

MMMMMMMMMMMMI-MMMMMMMMMMMMMMMt-MMMMMMM 


MMMMMM>>>MMMMMM>>>M>>>MMMMMMMMM>MMMM 


A- 83 


I I 


M 

O' 

to 

if* 

to 

« 

4B 

O' 

CM 

4 

N. 

in 

40 

mi 

si 

4T 

mi 

O' 

O' 

tn 

*0 

(A 

mi 

.♦ 

O' 

4D 

CM 

40 

CM 

o 

M 

M 

N 

1 

1 

O 

CM 

*0 

(VI 

to 

■a 

in 

O' 

e* 

O' 

4 

■* 

in 

M 

to 

Jf 

nj 

to 

m 

in 

K 

40 

40 

o* 

N. 

mi 

«o 

*0 

« 

CM 

N- 

N. 

40 

o* 

▼4 

mi 

1 

• 

1 

• 

I 

• 

• 

t 

t 

• 

• 

i 

1 

t 

1 

• 

1 

• 

1 

• 

• 

t 

i 

1 

1 

1 

t 

1 

1 

• 

1 

1 

1 

i 

1 

1 

• 

$ 

M 

M 

M 

M 

M 

M 

M 

M 

> 

> 

> 

M 

j 

ml 

ml 

4 

in 

vi 

4 

IO 

in 

in 

_l 

_J 

-I 

-1 

mi 

mi 

W 

in 

m 

fn 

CM 

in 

in 

mJ 

ml 

Jl 

ml 

4t 

w 

CM 

mi 

4 

w 

CM 

*4 

4 

to 

M 

M 

M 

M 

M 

M 

> 

> 

> 

M 

M 

M 

M 

M 

M 

> 

> 

> 

M 

> 

» 

V 

M 

M 

M 

M 

M 

M 

M 

M 

M 

> 

M 

M 

M 

M 

r. 

<* 

<« 

4 

•Si 

4 

4 

4 

< 

«* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

< 

4 

4 

4 

4 

4 

4 

4 

4 

4 

<at 

4 

4 

4 

rtf 

ar 

or 

ar 

or 

ar 

nr 

or 

O' 

ar 

ar 

or 

ar 

or 

or 

tf 

or 

nr 

or 

nr 

IV 

or 

Af 

or 

ar 

ar 

or 

nr 

or 

or 

nr 

nr 

or 

or 

O' 

or 

J 

M 

M 

m 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

C- 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

J 

M 

M 

M 

M 

M 

M 

> 

V 

> 

M 

M 

M 

M 

M 

M 

> 

> 

V 

M 

V 

» 

> 

H 

M 

M 

M 

M 

M 

M 

M 

M 

V 

H 

M 

M 

M 

.♦ 

K. 

♦ 

tn 

to 

tn 

4 

1 

* 

o 

O 

Q 

•O 

*T 

O' 

O' 

■n 

40 

V 

CM 

•n 

a 

a 

M 

CM 

a 

to 

CM 

CD 

n 

CD 

M 

M 

M 

M 

or 

ar 

or 

or 

CM 

« 

40 

CM 

in 

40 

19 

Ol. 

a. 

or 

ar 

ar 

ar 

K 

O 

4 

CD 

*> 

CD 

o 

o 

V 

V 

_J 

z | 

] 

Z 

M 

(/> 

W) 

</> 

KJ 

Nl 

Nl 

M 

* 

(0 

eo 

•i 

IL 

ll 

nr 

l 

• 

j 

_i 

_j 

•i 

Nl 

M 

Nl 

O 

cv 

f*' 

fV 

<v 

nr 

(V 

<v 

nr 

IV 

IV 

_J 

_J 

M 

M 

M 

4 

«* 

4 

4 

O 

o 

o 

O 

o 

a 

o 

LI 

i.. 

m 

LI 

LI 

LJ 

id 

1*1 

IU 

z 

a 

a 

0. 

a 

a. 

CL 

a. 

CL 

& 

0. 

i 

C3 

O 

O 

O 

O 

O 

C) 

n 

O 

o 

o 

a 

n 

o 

o 

n 

O 

o 

n 

O 

D 

n 

a 

O 

n 

Q 

o 

a 

a 

o 

o 

o 

n 

a 

Cl 

Cl  I 

j 

3 


**4f  1 <£&j2iixu^'!t,  *,<N  AteSdiA , 


PROGRAM  SYMBOLS  SORTED  ALPHA  9ET I CALL  V FOR  MODULE— TRAKM  — — — 

SYMBOL  I/Y  LOOM  LOO  SYMBOL  I/V  LCOM  LOC  SYMBOL  I/¥  LCOM  LOC 


B«9'9>49if"nf44«fflPOlIMKKOKMrNM>lt»NMNt«nnNK>M^H 


• • I I • • I I ) I I I t • I I • t < I t I I • i I I I I • I I ^ • I I 

> 

inftfUnMxinMH  4(ftoiv(.4fftN*(.4ift(vitfvuvfVi'ri.4ift(vj'-i.4('?{vi«-i.j 

>>mhhhhh>whmh>>  >H-IMM»“*»M>>  > > > (-4 

************************************ 

► H-H-H-H-H-H-H-H  ►-►•►•►.Hkl-hh-l- 


>>mhhmmw>mhhm>>>hhhh>h>>,j,<mmmhh>>>,»w 


* 

4 M K«N  4 

>n«4aauuo 
Of  Of*  Of  ***  of  or 
aoaooocroo 

OOOOOPOOO 


N 

(ft  * « .4  (ft 
V J JZ>M  4 
******** 
OOOOOOOIt' 
cinnnnonn 


(ft  (Vi 

« * (\i  ir>  •)  o 

»-  m .*  * * * of  a 
O(ri>ooouox 
********* 

nonnonono 


o 

(VJ 

a 

(ft 

O 

o 

© 

-4 

(0 

(Vi 

•4 

0. 

a 

(ft 

T 

-J 

z 

z 

> 

(ft 

* 

* 

o 

* 

* 

* 

* 

* 

* 

* 

5ft 

tft 

H> 

(Ti 

Cl 

a 

n 

a 

n 

Cl 

o 

r> 

n 

• 44O>4S,O>n«(440IA(MMlMvOOKO<Nr  H IAN  (UNOOMkH 

NIAWK  -r*(T»Vi«VJl#VK-H*4UJ^t(Vi(VJK>^rOO'NW«>(7'rjin 

«4  *♦  "4 

• •••(•••«•••  ••»«••!••(•«  ••  *••••»• 

r>(v«*4#ro(M<r«'4ro<M«-t.4m(Vi«4.4r'>fvi«’4.4f*>(vi'H^irk»4-4i«)(M4*.4io(vi 

>>>mhhmh>hhhh>>>hhhh>hh>»>hhhhh>> 

4<<4444<<<44<<<44<<4<444<<44<<<4< 

********************************* 

H-HH-H-H-H-H-H  1-hKt-l-  HI-  HHH 


W NO 

liv  H K 


I I I 

> 

«4  4 «| 

> > M 


* ** 

► HH 


n 4 n j 

(ft  4HN  4>  (ft  (VI  « (ft  (Vi  (VI  y y 4 K O (Vi 

> (vi  <«iP«uoy  y jz>»  #rHi-4i<*0'(i'ft'i*'#;aM«nn.tw 

****************<cn(S(enov9('>i3oxv-j_i*>(vi 

0.0.0.0000000000000***************** 

aoaaaaoaaaooaaoaaaoaoaonoonooooaa 


■* 

ci 

ft  (VI 
* (TV 
* (/>►- 
o a o 


0«4(H44(riOrl>4.(4IAin(rilvKH  Q N O'  m K N 
(Vi(VI>(VH.'4«4ift4»(Vi(ViK.«(T'9'(VJirvK.K.*-liO.-l«4(Vjrft 


«NMNN>nmHNMNO' 
♦ .4<T>H~N.4>("(VI(VIUVlft»0 


( • ( i ( I t I • I I I I • ( I 1 I ( I I I I I ( I i ( I ( I I I 

(VI«*^riftCVIv4^(ft(VI'M^»(ft(Vi«4.4(ft(Vi'-l.4lft(ViT4.4lftUVUVrft(Vj«-(.4lft(Vj*4 

4(««<«4r«4r«<«<«<<4«<'<<<«(<4(<4<<«4'«(<«<<4 
********************************* 
HHHHHHHVHHHHHHHHHHH HHHHHHHHHHHHHH 


I • I 

> 

■*  n _i 

> > M 
<<< 
* * * 


(vi  (ft 

(Vi  (ft  (-  H-  .♦  (ft  (Vi 

»>4<oe>ooaoy  j 
************ 
0.0.0 .oooooooao 
naooooannraoo 


♦ 

(VI  * 4 V (ft 

* as  » (ft  (vi  H-  (ft  (vi  ** 
*iy**<<mn)nQtse 
oooo******** 
o >30000000000 


(ft 

(ft 

*n 

ftv 

a 

t 

or 

* 

* 

a 

(VI 

to 

(ft 

(VI 

a. 

+4 

(ft 

T 

V 

V 

_i 

z 

> 

* 

O 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

(ft 

o 

O 

o 

a 

Cl 

o 

Cl 

o 

o 

a 

n 

o 

j 

! 


A- 84 


■O  ^ IPOC’OM®*-*^  K>CT'fMvDlf\tf\ori<rcirjoOvO-i^  irviOiAUVinvO^trviOiOft-w 

O NK8»<nMWO<MfiWNMiWM»WiiWNdHiNWri4Mii^^i4 

J *-«  T-t  *-| 

I I I • I I I I I I • I I • I I • I I I I I I I t I I i I • I I I I I I 

">  > 

_i  _i  ro  m *J 

o n'aroroffvo'Of'JV'Wftradrt'a'Q'ft'ft'a'aro'fto'o'o'niara'tkrafO'aaro'Q'ik'f^ 

-J  fr-  fr-  fr-  fr~  J-t-M-mh-t-t-hHmhkt-l-  fr-  fr~  I-  fr-  I-  fr-  fr-fr-fr-fr-fr-fr-fr-fr-fr- 


S> 

v hh>hhhhhhwhmhhhhhhhh>whmm>>>>>>>>>>> 


_i  r>  lO  O'  M 4Moi 

I O CVJ  rft-HKWiOO'ON  i3rlNW4'l<l>D(rm(\)  .»  fr  OJ  t K> 

e 0 vc  O' r>  ►-  k «x  cc  er  ffl  cr  a:  m o o o o n o o -‘.i  v v * z > > .*  f-  ^Mnn^M 

• r Dora'ouftKQfattrttaa'aatfo'ftroiKKoffltforKoraKa'Hrirt^ww 

• l/l  0 O til  til  til  til  III  tU  III  III  til  Ul  t<l  lit  til  lit  til  til  li>  til  III  It.*  IH  111  ti!  til  III  hi  Ul  111  ti-  111  III  Ul  III  III 

t 


V 

«c 

a 


I (J  niOtOOCiaM«)(l'Uin«rllOlOtflttirO>llOlOniOU\U\lDvD^KJllMi\lCKll) 

« O r NO»TlTlMWa«C  NMWrf4WMW^  r»IWrl»l44WM»HTl^4.t444 
I _J  *4  -rl 

( f I • I • I I I I I I I I I I « I I I I I I I I I I I I • I I I t • I I 

i > > 

1 JJKNrl^nMriUitVIUUnNrltfOCUHnnMUMMVlTl  JKUUlWOMvI^l^ty 

tux 

JC  444<444444<4444<44<44444444444444444 

r>  o ftarafa'n'ar&arttn'a'a'a'a.'a'ararKtKa’tfn'Kn'KKtto'ttarartfQMi'Grar 

Cl  J I-  I-  I-  ► HHH-h 

O 

X 

> 

O M 

u. 


v_j  evi  in  ao  cvi  wcuro 

jo  >|H|.|.|-fjifleooJe»ifiwi"Nift«)W  j w <v  4 » cu 

_i  m ia  « w w »~40crmm0mi.sooraoQOovwzz>Minci‘^i(uMi»>^cu 

O > ht.<OQjJJJJ,JJJJ  j;J_J_J_i-J_l_l_l_l_#_l_J~l_J_IO;0<(»rQCQ'Df 

M to  O O UJ  UJ  Ul  UJ  UJ  Ul  Ul  UJ  <U  hi  UJ  U1  V.!  'U  U)  UJ  tU  Ul  U U Ul  til  IU  Ul  Ul  UJ  UJ  ul  UJ  tij  'U  Ul  Ul  UJ 
fr- 
ill 

«n 

4 

x 

o. 

-J 

4 

. ) wmiflinaoniMffltfioonoii)inii>«»(nDO«ioiniOii,*ii)Kifi4iHiuoN  h 

OO  NKB«)^MW«0(l'0NnN4BniflR4^Tl(\MNl’NI"ilJ.'>^4  444 

IU  «J  r*  rl 

fr-  • • I t I I I I I I I I I I I I • • I • • I I I • > I t I I I t • I I I 

(V  > > 

O JJWrl4«W»l4m»l4lft?t4IONT!  t(MNrl4lA«l4niUIAU\Mtl4nNH 

CO  X HH>>HHHHHHHHHHHHHKHH>>HHHH>>>>>>>>>> 

O <44444444444444444U44<4<4<<444444444 

i/)o  azxoemm&a'aza'atoeota'.  at  te  o' tv&aia'o'n'neataeQ'n'a'a'n'tra'Kn'n' or 

J U fr—fr—fr—fr—  fr--fr“rl — Hfr-HI”fr-'fr’frBl"fr"l’*l-Kfr^fr"l™l*kfr*fr"Kfr"KI~l"l"k'WI"K 

O 

ra 

t > 

f/»  M 


X 

4 _J  ^ (VI  ^ W 

■X  O ON  fr~  f fr-»  -»  N-  unoo^WN  * N.  -t  m CM  * to  <vj 

130  J’  K M ^(-<<fflfflififflfflfflOOOOauOOV!iiyZ>Nm«WHWK)^H 

ox  oorxivoiViv'fViVfyfyfyivrfr'fv'iVfy'fyiVfyffr'iviviyiyry'iyo'iy-HTjT-i-iojivi 

Qf>-  fr-fr-440_l_l_l  jJJJJJJJJJJJJJJJJJJJJJO'ft'^a'ft'O' 

a V)  n O 111  Ul  b>  <U  Ul  IU  til  Ul  Ul  IU  U<  IU  UJ  IU  til  IU  III  111  UJ  IU  Ul  IU  til  til  Ul  Ul  Ui  III  IU  III  Ul  IU  Ul  til 


A- 85 


1 


1 

1 

» 

* 

1 


; \ 


i 

i 


l J 
1 


\ 


I:' 


o 

o 


T 

O 

o 


_» 

o 

<r 

x. 

v 

<r. 


T 

y 

<t 

or 


o 

o 


IU  X 

_l  o 
r>  o 

o _J 

o 

X 

> 
Of  N 
ra  m 
u. 

>•  _j 
_J  o 
_i  m 
*x  r 
o >- 

M (/I 


oj 

tti 

<r 

X 

a. 


1 

o 

1 ' 

n o 

IS  ’ 

Ul  _l 

t 

h" 

<* 

i ' 

1 

o 

Cft  X 

o 

(/t  u 

o 

at 

x > 

>■  V 
(ft  M 


! 


<r<T*C>*<fJfJ«OlftMftJ0'C'^W«>lftlM*\(U4eN4O**«<.*IOr«.#(O4<^«>v4 
4 ^ HMMA  IA  KUt  10  tfi  rtH\WCyNrtrtjMft-t  SCUN  O 40  K « 40  K 40 
rl  rt  *4 

• (•It  II  •>  •••••(•■<  tli  «••••• 

NHin(tirttWMH4  ■*  N*4<tlttW^'HrtnNN(unnn^^ 

*-(  >>>>>>»>>>> 

a'tra'orQ'tr'Ktz&a'&ttntvocKcea'acenroeeiaiaivtiteto'arvivoc 


:o  > S»  > > > » 


OJ  JK 

M -*  0"  OJ  0.0. 

WWHNWWjrOQ'O'^N^rt^WW  arB'atfNinaMiMtMittANVt 

WNWrWMIII  I Of  <t  b.  HrlN^QtjJJJWdrtNNWDWMJi 

ao'aa'aazxdonxxxxiHHviMUMa'aaatfaaaaQ'a 

lillllliMllli)li)U.Ut5tJOTIIIITIIIIlMHHHHHHHHHH 


«<M9rtTtNi0tftUtM0'«4C)<0n(rinNt0(U<EIKonKcnKOnKO 
J-.*lftlOU\tnK«rilO.O  rlU\MNM(Vlrl4tf>tO  KCtOKCWKftBM) 
f4  H »t 

• 1 I I I I I I < I I t t I I I I I • I I I I ( I I I I I I t I t 

H4nmw4R<ti«<4n  n ^MifttftnHHHNNNnwn-J^ 

444<44<4<<4<44444<4<<<<<<<<<4<<<< 

ft'orotroforofftra’aftyQ^ofQfc^Of'iya^oiftfft'ft'o'o'o'ofofoirvofQirofoi'of 


nioo> 

.♦BN  4 Q. 

C\JW^4<VJ«\J»OM<\l  0'|O^WoM»44.»ft!ar«'e'»l4N^tKTt4Nr«4 

NWl"BBMtIII9'<lLW»(WN(»'JJJJH»«*4(\H«W«M«44 
a!tfa;a!0'tfICX<V)ZZZXXZHVIVIV)V)l!lt0!a!U0!«0!tfW 
llHjJltlUIUIUU.Il.llO(SIIIIIIIISIIHHHHHMHHHHH 


«O't)OHWi0UUftNfl'O'4  4 4rtNlft(\J4Cie«O'NlftO'ftlUt0'<Vllft(J' 

44IAtnUttnSKU\i0  UtlftWWNib4UtiO  S«*K«»Ke*N 

H W H H 

• I • I ( t I « I t I t I .1  • I I I I I I I I I I I t ( I < • I • 

4nNH4BMH4nN*tMH  fOCJU\»ft<VjT4*J*4*>tCV»CaCSJmrftW.i’ 

ato'of&a'n'a'os&ft'&txa'cma'neaeaeQiaiat'itai'n'nta'a'ato'n'ata'Gf 


>**>»>  >»>M>HWWWMM*HWMMWMW»»»>»»»»>> 


JC 


to  a*  n vo  <r»  n 

NNMWM4 

a;  r?  m tr  of  at 

M M M M M M 


f A- 86 

f 

j 


« o 
o a 
o x 

a V 

a.  v) 


ro  (\i  in  <o 

.» « n 4 « a.  v-  v-  rj 

nbhhnwn  j-  qc  oj  oj  ojofftrftafdirtycyarfftyoo'W 

(MWMfOMMVTTrr*'VU.U.rUVJOjyj_)_I.J_lrt*4»J(VI 

ftfftr«ftf(^(yxx*<((ftCftxxTTXM(ft«ft«ftcftifto;ft'ft'« 
mii'iii'jiiiiiiiiLU.tt.  oomzxTZxzitzzHHHH 


IR46  V TRAV4  - 82  IR47  V TRAV4  - 83  IR48  V TRAV4  - 84 
IR49  V TRAV4  - 85  JHT3  I TRAILI-102  JHTT  I TRAILI-  6 
JLNS  I TRAIL!- 168  JLNT  I TRAILI-  56  JLTB  I TRAILI-105 


PROGRAM  SYM30LS  SORTED  ALPHA 9ETICALLY  FOR  MODULE——  TRAKM 

SYMBOL  I/f  LOOM  LOS  SYM30L  I/V  LCOH  LOG  SYH90L  I/V  LOOM  IOC 


0 

CO 

O 

(VJ 

(VJ 

a 

0 

D 

N 

in 

rt 

4 

CO 

to 

0 

0 (M 

0 

K 

(VI 

O' 

in 

4 

4 

in 

Hi 

(VI 

(VI 

•4 

0 

0 

(VI 

4 

0 

»0 

4 

4 

4 

4 

fO 

4 

4 

4 

4 

►. 

Cv 

fO 

4 IA 

<0 

0 

in 

in 

K. 

4 

4 

4 

4 

AJ 

4 

4 

0 

0 

o 

(VI 

*4 

*4 

*■4 

rl 

«4 

▼4 

«4 

4 

*4 

1 

• 

• 

1 

t 

1 

1 

1 

I 

1 

1 

( 

1 

1 

1 

• 

1 1 

1 

1 

• 

• 

« 

• 

1 

1 

1 

1 

1 

1 

• 

1 

1 

1 

1 

* 

Hi 

Hi 

Hi 

-1 

4 

fO 

(VJ 

rl 

4 

If) 

*1 

4 

ro 

(VJ 

*4 

4 

CO 

to 

if»  in 

CO 

(Vi 

■*4 

CO 

4 

M 

(V) 

▼4 

4 

IO 

4 

to 

(Vi 

w 

4 

CO 

(VI 

M 

M 

> 

> 

> 

M 

M 

W 

M 

> 

> 

> 

> 

> 

> 

M 

Hi  Hi 

M 

> 

> 

M 

Hi 

> 

M 

Hi 

M 

H 

M 

M 

M 

> 

> 

M 

M 

M 

«x 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 

< 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

or 

or 

or 

or 

or 

Of 

Of 

Of 

Of 

O' 

Of 

Of 

Of 

Of 

Of 

Of 

Of  Of 

Of 

Of 

Of 

Of 

Of 

O' 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

O' 

Of 

Of 

Of 

»- 

>- 

h' 

H- 

h- 

r- 

>- 

f- 

►- 

K 

H- 

H- 

H- 

t- 

♦- 

H- 

»-  H- 

»- 

H- 

H- 

1- 

Hi 

*- 

H* 

H- 

H- 

H- 

H- 

►- 

»- 

1- 

H- 

H» 

H- 

H* 

H 

M 

> 

> 

> 

M 

M 

M 

Hi 

> 

> 

> 

» 

> 

> 

M 

M Hi 

M 

> 

> 

M 

>4 

> 

Hi 

M 

M 

M 

M 

M 

M 

> 

> 

H 

M 

Hf 

4 N.  BiOff  4 fO 

H>  H- r-  4 4 CO  *-  V-  H-  CO  CVi  j 3 M 4 

Kt-BW  of  of  of  of  ro  oj  aa.wtKo'o'w  ro 

UHO.ai-Ht-HVNNirwzzzzi/iwrzHB'fl'KijfojjujUjU.'t-af 
NM4<<<<<<444ZhhOOOOOOO  J&.33bOblblUII'll'll!^»> 
Tijjjjjjjjjjjjjjjj4jjrtrTrtrr2zz7z;'7 


rr> 

0 

O 

o 

(VI 

e» 

0 

(Vi 

ro 

ro 

Hi 

4 

ro 

ro 

0 

4 O 

0 

0 

K 

(VI 

O' 

0 

0 

4 

0 

4 

♦4 

(VI 

v( 

H 

0 

(Vi 

4 

4 

o 

in 

4 

4 

4 

4 

CO 

4 

4 

4 

4 

►. 

H 

n- 

ro 

4 uv 

0 

in 

K 

N 

4 

4 

rl 

H 

4 

4 

4 

0 

o 

(VI 

(Vi 

»4 

vi 

rl 

4 

*4 

•4 

*4 

«4 

1 

i 

t 

1 

1 

• 

1 

1 

• 

t 

1 

• 

1 

1 

• 

1 

• • 

1 

• 

• 

t 

1 

1 

• 

1 

( 

• 

• 

1 

« 

• 

1 

1 

• 

• 

H 

H 

M 

4 

4 

(VI 

•H 

4 

H> 

0 

in 

ro 

(VI 

4 

ro 

(VI 

H 

(VI 

in  in 

(VI 

H 

4 

(Vi 

4 

(VI 

Hi 

4 

ro 

(VI 

H 

ro 

(VI 

▼4 

4 

ro 

(Vi 

■H 

M 

M 

> 

a» 

> 

M 

HI 

M 

HI 

> 

> 

> 

> 

> 

> 

M 

Hi  M 

M 

HI 

> 

HI 

M 

> 

> 

M 

M 

HI 

H4 

H4 

H4 

M 

> 

M 

M 

H4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of  Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

f- 

H- 

H- 

¥- 

H 

I- 

H- 

H 

I- 

H- 

*- 

*- 

H“ 

H- 

H- 

H* 

1-  H- 

K 

►* 

H- 

»- 

H 

H 

H 

K 

h- 

H* 

H 

K 

H- 

1- 

►- 

»- 

►4 

M 

> 

> 

> 

M 

Hi 

►-! 

h; 

> 

> 

> 

> 

> 

> 

M 

W Hi 

M 

HI 

> 

»-l 

M 

> 

> 

M 

M 

M 

HI 

H4 

HI 

M 

> 

H4 

M 

H4 

ro 

0 

0 

(Vi 

0 0 

ro 

(VI 

H- 

H- 

H 

ro 

ro 

(VI 

»- 

H-  H- 

(Vi 

4 

_j 

3 

3 

4 

ro 

en 

•x 

(VI 

4 

Of 

(V' 

O' 

O' 

(VI 

4 

a. 

a 

0. 

Of 

O'  Of 

Of 

O' 

4 

(VI 

(VI 

H- 

ro 

(VI 

_i 

u 

(Vi 

X 

_i 

HI 

M 

O- 

t - 

H 

H- 

H 

> 

(VI 

X 

r 

X 

z 

z z 

z 

z 

</> 

X 

H- 

H4 

M 

IV 

o' 

O' 

O' 

_J 

_l 

III 

in 

H- 

H* 

(VI 

(Vi 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

z 

H 

H> 

o 

o o 

u 

o 

o 

o 

X 

0. 

a 

3 

3 

o 

Q 

UJ 

UJ 

UJ 

Of 

Of 

Qf 

Of 

n 

"J 

_i 

_l 

-J 

_l 

_i 

-1 

_l 

-1 

_i 

_1 

_i 

_l 

_l 

_l 

_i  -1 

_1 

_1 

-J 

X 

X 

X 

X 

X 

X 

z 

z 

z 

X 

z 

z 

z 

Z 

z 

i4 

%£> 

O' 

a 

(VJ 

o 

-t 

o 

r- 

N 

ro 

4 

4 

ro 

4 

0 tj 

0 

\0 

rv 

fVJ 

(VI 

4 

0 

in 

0 

4 

CVI 

(VI 

h4 

0 

(VJ 

CM 

4 

ro 

O 

o 

4 

4 

4 

4 

4 

IV 

»v 

N. 

ro  4 

10 

0 

IA 

0 

ro 

n. 

-t 

4 

4 

hI 

4 

4 

4 

0 

0 

O 

(VI 

r* 

t! 

rl 

Hi 

ri 

rl 

Hi 

<rl 

H 

Hi 

« 

1 

< 

1 

• 

• 

• 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 • 

1 

• 

• 

1 

• 

t 

i 

1 

1 

1 

• 

• 

1 

1 

• 

• 

1 

• 

w 

M 

H 

M 

_i 

—1 

-1 

4 

ro 

(Vi 

0 

CVi 

4 

ro 

cvi 

4 

4 0 

h! 

v* 

ro 

4 

_l 

4 

fO 

(VI 

H« 

4 

CVI 

Hi 

4 

CO 

(VI 

4 

M 

M 

M 

> 

> 

H4 

M 

M 

M 

M 

> 

> 

> 

> 

> 

> 

M M 

M 

M 

> 

M 

W 

HI 

> 

M 

M 

Hi 

M 

Hi 

M 

M 

> 

M 

M 

M 

4 

< 

4 

4 

4 

< 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 

4 

<X 

4 

•tr 

4 

4 

4 

< 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Of 

or 

ftf 

(V 

O’ 

Of 

Of 

Off 

Of 

Of 

(V 

O' 

O' 

(V 

O' 

Of  Of 

Of 

(V 

Of 

Of 

O' 

Of 

Of 

Of 

(V 

Of 

Of 

Of 

Of 

(V 

Of 

O' 

Of 

H 

K 

H- 

H 

H* 

I- 

H 

f- 

H* 

H 

H- 

H> 

H 

u* 

H- 

H-  H- 

H- 

I- 

k 

H 

H- 

H 

H- 

»- 

H 

h 

H- 

H* 

H 

r- 

»- 

»- 

M 

M 

M 

> 

> 

HI 

M 

M 

M 

HI 

> 

!> 

> 

> 

5* 

> 

M M 

M 

M 

> 

H 

M 

HI 

> 

M 

Hl 

Hi 

M 

M 

M 

M 

> 

M 

M 

Hi 

(VI 

in 

<*> 

.♦  rv 

CM 

r- 

H- 

h* 

(Vi 

(VJ 

4 

I-  H- 

Hi 

4 

ro 

-J 

4 

ro 

(VJ 

CO 

0 

4 

ro 

Of 

Qf 

Of 

Of 

Of 

4 

ro 

a. 

a. 

a 

> 

Of  of 

Of 

Of 

4 

4 

H 

(VJ 

4 

-4 

4 

J 

u. 

Hi 

K 

4 

_J 

z 

M 

o. 

H 

H 

V" 

V- 

H- 

H 

(VJ 

V, 

r 

X 

(fl 

z z 

z 

z 

fA 

f 

T 

M 

O' 

(V 

(V 

(V 

J 

4 

.4 

ui 

l>l 

III 

Vh 

CM 

(Vi 

4 

4 

4 

4 

4 

4 

4 

4 

X 

z 

Hi 

H- 

a a 

o 

o 

a 

Q 

a 

-J 

a. 

3 

3 

3 

o 

u| 

111 

III 

Of 

Of 

Of 

(V 

•> 

3 

_J 

-1 

-1 

4 

hJ 

_J 

_J 

4 

4 

4 

4 

4 

4 

4 4 

4 

4 

-J 

r 

X 

X* 

r 

r 

r 

X 

z 

X 

Z 

2 

z 

z 

2 

z 

A-87 


PROGRAM  SYMBOLS  SORTED  ALPHABETICALLY  FOR  MODULE — TRAKH  — — — 

SYMBOL  I/Y  LOOM  LOC  SYMBOL  I/Y  LCOH  LOC  SYMBOL  X/V  LCOM  LOC 


PE - 


*o 

a> 

w 

CM 

e 

4 

ft 

ft 

« 

CM 

e 

e 

•0 

e 

4 

CM 

8ft 

cr 

O' 

•o 

e 

*0 

o 

k 

CD 

CD 

o* 

4 

o 

CD 

ft 

o ft-  o 

*4 

*0 

to 

to 

CM 

ft 

CM 

CM 

ft 

CM 

CD 

to 

ft 

ft. 

CD 

*> 

CM 

ft. 

CD 

CO 

O' 

w 

tt 

in 

«o 

4 

4 

4 

4 

*0 

ft* 

ft* 

« an 

ft 

ft 

•4 

ft 

ft 

ft 

ft 

*4 

S 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

i 

1 

1 

I 

1 

1 

l 

1 

i 

c 

t 

1 

1 

1 

8 

8 

8 

8 

8 8 8 

«4 

to 

ftJ 

ft 

4 

n 

fM 

ft 

4 

to 

N 

*4 

* 

to 

CM 

ft 

4 

ft 

CM 

ft 

4 

w 

M 

ft 

4 

« 

CM 

4 

fO 

CM 

ft* 

4 m •*  4 

M 

> 

M 

H 

M 

M 

M 

H 

M 

H 

M 

M 

M 

M 

M 

X 

ft< 

M 

ft* 

ft* 

> 

> 

> 

> 

*-* 

ft* 

ft* 

ft* 

> 

> 

ft 

ft  ft  ft  M 

Of  Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

'i 

Of  Of 

Of 

Of  Of 

o'  or  o' 

Of  Of 

Of  Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of  O' Of 

1- 

ft 

t- 

ft 

ft 

ft 

ft 

ft 

ft 

t- 

ft 

ft 

ft 

ft- 

»> 

ft* 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft  ft  ft 

H 

> 

M 

M 

H 

H 

H 

M 

H 

M 

M 

M 

*-» 

w 

ft« 

H 

> 

ft* 

ft* 

ft* 

M > > 

» > 

ft* 

ft* 

ft* 

ft* 

> 

ft 

ft 

ft 

ft  ft  ft* 

n n « mm 

ft  ft  ft  4 ft  CM  ft  ft  4 CM  ^OOOCfUIN 

OKKartfOfKKKM  *-  co  *m  4 to  to  to  4 n lm>->-kiiihh4k 

KOT4<4T4NMNnn<«aeuuoyjjz>M  <<<<< 
kUXXXTZTXXaftttftf  AMKtf 

x o a a a ^ ft  ft  a.  ft  ft  0.  ft  a 00.  ft  o.  c.  0.  ft  ft  n ftfto.ftftftftftft.fta 


CD  O' 

O' 

CM 

e 

4 

4 

«* 

CO 

CM 

CM 

O 

«o 

o 

o 

4 CM 

m 

m cr 

•coo 

o o 

K. 

ft 

*0 

O' 

•0 

«o 

o 

ft 

O' 

*4  CD 

•0 

ft 

N 

ro 

ft 

CM 

ft 

CM 

CM 

CO 

ft 

ft 

ft 

tO  CM 

ft 

ft  CD 

O'  ft  ft 

in  *o 

4 

4 

4 

4 

CD 

•0 

ft 

m 

V* 

ft 

ft 

ft 

ft 

V* 

ft 

ft 

<* 

C 8 

c 

1 

C 

8 

8 

8 

8 

1 

1 

c 

1 

8 

( 

1 1 

i 

i i 

1 1 8 

8 1 

1 

8 

8 

1 

1 

• 

1 

I 

8 

-t  CM 

*r* 

*0 

ro 

CM 

V* 

4 

ft 

CM 

ft 

4 

ft 

CM 

ft 

4 ft 

CM 

X 4 

ft  CM  X 

4 ft 

CM 

T* 

4 

ft 

CM 

»* 

4 

to 

in 

M > 

ft 

M 

M 

ft* 

ft* 

ft* 

ft* 

ft* 

ft* 

ft* 

ft* 

ft* 

ft* 

ft*  > 

ft* 

ft*  ft* 

14  > > 

» > 

ft* 

ft* 

ft* 

ft* 

> 

> 

> 

> 

> 

4 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

«e 

4 

4 

4 

4 4 

4 

4 4 

4 4 4 

4 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Of  Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

or 

Of 

Of 

Of 

Of 

Of 

Of  Of 

Of 

Of  Of 

Of  Of  Of 

or  of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

ft  ft 

ft 

ft 

ft 

ft- 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft  ft 

ft 

ft  ft 

ft  ft  ft 

ft  ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

M ft 

> 

ft* 

ft* 

ft* 

ft* 

ft* 

ft* 

►* 

ft* 

M 

ft* 

ft* 

ft* 

ft*  > 

ft* 

I 

I 

A 

A 

I 

» > 

M 

ft* 

ft* 

H 

> 

> 

> 

> 

> 

CM 

w 

CM 

4 

ft 

CM 

CM 

ft 

ft 

ft 

ft 

4 

ft 

CM 

» 

4 

ft 

a 

a 

a 

or 

Ui 

Ui 

4 

40 

o 

or 

Of 

nf 

Of 

tv 

Of 

Of 

Of 

4 

CM 

4 ft 

CM 

CD 

ft  CM 

b. 

X 

X 

v 

M 

C/1 

1/1 

M 

ft 

•o 

Of  o 

o 

x 

ft 

CM 

CM 

CM 

ft 

ft 

ft 

4 

CD 

CD 

to 

u r* 

V 

V _j 

*»* 

4 4 

4 

4 

4 

4 

_1 

_» 

Of 

a 

Of 

ft  O 

O 

X 

X 

X 

X 

X 

X 

X 

X 

Of 

Of 

Of 

Of 

of  a 

Of 

Of  Of 

Of  X Of 

Of  ft 

ft 

ft 

ft 

ft 

3 

3 

3 

3 

ae  o 

o 

0. 

0. 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a a 

a 

a a 

a a a 

a a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

to  in 

(V 

CM 

ft 

o 

4 

u> 

kO 

CM 

n 

<0 

to 

e> 

4 CM 

CM 

in  O' 

lO  il)  O 

•O  e» 

o 

ft 

«> 

cr 

O' 

on 

o 

n. 

CO 

r/ 

«o 

ft 

CM 

M 

ft 

CM 

ft 

ft 

CM 

*0 

ft 

ft 

ft 

« CM 

CM 

ft  « 

O'  O'  ft 

in  <o 

•0 

4 

4 

4 

4 

4 

ft 

in 

H 

T* 

H 

ft 

X 

ft 

ft 

ft 

ft 

ft 

1 « 

1 

1 

1 

• 

1 

1 

1 

1 

• 

« 

1 

1 

« 

1 t 

1 

I 1 

* 1 1 

• • 

1 

1 

t 

• 

t 

1 

• 

* 

t 

ft 

4 

ft 

CM 

4 

ft 

CM 

•ft 

4 

ft 

M 

ft 

4 

tO  CM 

ft 

4 ft 

CM  ft  4 

ft  CM 

ft 

4 

to 

CM 

ft 

4 

to 

CM 

in 

M > 

> 

M 

H 

M 

M 

M 

M 

M 

M 

M 

M 

ft 

ft 

ft  > 

» 

M ft 

ft  ft  > 

> > 

> 

ft 

ft 

ft 

ft 

> 

> 

» 

> 

4 4 

4 

4 

4 

< 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 

4 

4 4 

<44 

4 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Of  Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

flf 

Of 

Of 

Of 

Of  Of 

or 

O'  Of 

of  or  o' 

(V  O' 

O' 

a 

a 

a 

a 

a 

a 

•V 

a 

ft  ft 

ft 

ft 

ft 

K 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft  ft 

ft 

ft  ft 

ft  ft  ft 

ft  ft 

ft 

ft 

ft 

ft 

►- 

*- 

»» 

ft 

»- 

W » 

M 

M 

M 

M 

w 

M 

M 

H 

M 

ft 

ft 

ft 

ft  "> 

> 

ft  ft 

A 

I 

I 

> > 

> 

•-* 

»-* 

ft 

»-* 

•» 

> 

> 

» 

ft 

4 

CM 

.♦ 

ft 

CM 

4 

4 

ft 

CM 

ft 

ro 

ft 

4 

CM 

ro 

CM 

car 

ft 

G 

a 

Ui 

ro 

ro  *- 

O 

a 

a 

a 

a 

a 

a 

a 

a 

» 

ft 

ft 

4 

ft  CM 

4 ft 

<M  4 

a 

a 

X 

ft 

N» 

N 

CO 

w 

CM 

in 

a a 

o 

«* 

r* 

*8*4 

CM 

CM 

ro 

ft 

ro 

4 

ft 

0 

CD 

o o 

n 

V _l 

2Z> 

ft  4 

4 

4 

4 

4 

4 

.J 

a 

a 

a 

ft  o 

O 

X 

T 

X 

X 

X 

X 

X 

X 

a 

a 

a 

a 

a a 

a 

a a 

a a a 

a ft 

ft 

ft 

ft 

ft 

ft 

3 

3 

3 

3 

X 2 

o 

a 

a 

a 

a 

0 

a 

a 

a 

a 

a 

a 

a 

a a 

a 

e a 

a a a 

a a 

a 

0 

a 

a 

a 

a 

e 

a 

a 

li 


PURa  Y TRAV5  - 61  PUR9  Y TRAV5  - 62  PUR  V TRAVt 

PJ1R2  I TRAI2  - 50  PU1R3  I TRAI3  - 50  PU1R4  I TRAI6 


PR3GRAM  SYHBOLS  SORTED  ALPHABETICALLY  FOR  MODULE— — TRAKH  — — 

SYMBOL  I fi  LOOM  LOS  SYMBOL  I/If  LCOM  LOC  SYMBOL  I AY  LCOM  LOG 


w 

U> 

10 

O' 

•4 

« 

to 

«0 

*4 

▼4 

4 

K 

a 

e 

W 

o* 

O' 

tv 

tvi 

Ml 

Ml 

® 

4 

® 

w4 

Ml 

tO 

sA 

<0 

«e«4 

▼4  *0 

m 

mi 

to 

mi 

<0 

It 

1X1 

Ml 

to 

Ml 

® 

«o 

*4 

to 

M 

Ml 

Ml 

Ml 

Ml 

St 

y4 

W 

tv 

tv 

iv  to 

• 

0*4 

i 

t 

1 

i 

1 

< 

1 

« 

1 

< 

1 

1 

i 

i 

i 

1 

1 

1 

1 

t 

I 

1 

1 

1 

* 

1 

t 

1 

1 

t 

t i 

i 

t t 

• 

to 

CV 

*4 

4 

W 

M 

Ul 

Ul 

M 

▼4 

* 

» 

Cv 

4 

m 

Ml 

Ml 

W 

M 

*4 

4 

to 

M 

Ml 

Ml 

tv 

Ml 

Ml 

tv 

Ml  Ml 

tv 

H •1’ 

M 

M 

M 

M 

M 

> 

> 

X 

> 

M 

M 

H 

M 

M 

> 

x 

> 

> 

M 

W 

M 

M 

M 

> 

X 

> 

> 

> 

> 

> 

XX 

M 

MM 

M 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of  Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of  Of 

Of 

Of  Of 

Of 

M 

M 

M 

M 

M 

M 

M 

M 

M 

X 

M 

M 

M 

M 

m 

M 

»- 

M 

M 

t~ 

»- 

M 

M 

K 

M 

M 

M 

M 

1- 

M 

M 

MM 

M 

H 

M 

H 

M 

> 

> 

> 

X 

M 

M 

H 

M 

M 

H 

x 

X 

> 

X 

M 

M 

M 

M 

M 

> 

* 

X 

X 

> 

X 

> 

>> 

M 

MM 

M 

i 

t 


» 

IV 

4 

to 

tv 

4 

to 

tv 

4 

to 

tv 

4 

to 

tv 

Ml 

® 

tv 

Ml 

• 

tv 

Ml® 

4 

Of 

Of 

Of 

Of 

M 

tv 

Ml 

« 

Of 

Of 

Of 

Of 

Of 

Of 

M 

to  <0 

tr 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of  Of 

tv 

M 

to 

tv 

IO 

to 

4 

Of 

Of 

Of 

Of 

▼4 

▼4 

tv 

to 

4 

4 

Of 

Of  Of 

Of 

t4 

tv 

tv 

to 

4 

Ul 

UJ 

Ul 

Ul 

Ul 

Ul 

Ul 

IUIU 

4 

4 

CD 

CO 

3 

3 

3 

3 

> 

X 

X 

X 

X 

> 

X 

> 

> 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

M 

V 

M 

N 

MM 

Of 

Of 

Of 

Of 

ft 

0. 

0. 

& 

a 

■# 

< *• 

& 

CL 

a. 

ft 

ft. 

0. 

0. 

CL 

a 

a a 

a 

0. 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a a 

Cf 

o 

tar 

Cf 

to 

to 

«0 

tr 

▼4 

▼4 

to 

HI 

fC 

«r4 

4# 

K 

K 

O 

(V 

tr  ® 

▼4 

tv 

tv 

Ml 

« 

▼4 

▼4 

4 

O 

4 

Ul 

Ml 

Ul 

«0 

a 

10 

▼4 

® 

▼4 

Ml 

Ml 

Ul 

Ml 

▼4 

▼4 

'0 

M> 

Ul 

Ul 

Ul 

40 

▼4 

10 

K 

Ul 

Ul 

Ul 

Ul 

<o 

10 

tv 

tv 

to 

® 

▼4 
» 

K 

t 

t 

t 

t 

4 

« 

t 

a 

1 

1 

1 

t 

I 

t 

t 

t t 

1 

1 

1 

I 

t 

I 

1 

I 

• 

I 

t 

1 

t 

1 

l 

1 

1 

t 

1 

tv 

«r4 

4 

to 

a 

**  4 

4 

Ul 

▼si 

4 

to 

tv 

▼4 

4 

to 

tv  Ul 

Ul 

tv 

▼4 

4 

to 

M 

▼4 

4 

Ul 

▼4 

4 

Ul 

rl 

4 

Ul 

*4 

4 

to 

Cl« 

M 

M 

M 

M 

X 

i» 

> 

> 

> 

M 

M 

M 

M 

M 

> 

> X 

> 

M 

M 

M 

M 

M 

M 

X 

X 

X 

X 

X 

X 

X 

X 

X 

M 

M 

K 

4 

< 

4 

4 

X 

t 

4 

< 

4 

4 

4 

4 

<X 

4 

4 

4 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Of 

Of 

or 

Of 

Of 

vf 

or 

Of 

Of 

or. 

Of 

Of 

a 

Of 

Of 

Of  Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

or 

Of 

Of 

Of 

M 

M 

M 

M 

J— 

M 

M 

M 

M 

M 

*- 

M 

M 

M 

M 

M »- 

M 

M 

M 

M 

M 

M 

M 

H 

M 

M 

M 

H 

M 

M 

M 

M 

M 

M 

M 

M 

W 

M 

V 

> 

> 

> 

X 

> 

M 

M 

M 

M 

M 

> 

» » 

> 

M 

M 

M 

M 

M 

M 

X 

X 

X 

X 

X 

X 

X 

X 

> 

M 

M 

M 

tv 

4 

to 

tv 

4 

to 

IV 

4 

to 

tv 

4 

to 

tv 

4 

K 

4 

t- 

4 

K 

ro 

Of 

Of 

Of 

Of 

M 

M 

4 

K 

O' 

Of 

Of 

or 

Of 

M 

tv  in 

e 

Of 

Of 

Of 

Of 

Of 

Of 

O' 

Of 

nr 

Of 

ir 

Of 

or 

Of 

or 

4 

M 

tv 

tv 

tv 

to 

4 

Of 

Of 

of 

Of 

Of 

*4 

tv 

to 

to 

4 

Of 

Of  of 

Of 

*4 

▼4 

tv 

to 

4 

4 

Ul 

Itl 

Ul 

111 

UJ 

IU 

Ul 

Ul 

Ul 

4 

CD 

tn 

3 

3 

3 

3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

► 

M 

M 

IV 

M 

M 

Of 

Of 

or 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

X 

a 

a 

a 

a a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

c r 

a 

1 

f 


or* 

to 

«n 

tr 

tr 

•4 

to 

4 

tv 

▼< 

.♦ 

4 

M 

o 

tv 

iv  tr 

a 

tr 

IV 

in 

CO 

® 

nr4 

4 

tr 

tv 

Ul 

4 

tv 

»0 

cr- 

«V 

v4 

Cl 

flD 

Ul 

Ul 

in 

in 

in 

▼4 

«0 

10 

Ml 

Ul 

in 

Ml 

10 

▼4 

▼4 

tv. 

Ul 

Ul 

Ul 

Ul 

iO 

•4 

tv 

tv 

tv 

tv 

to 

50 

X'* 

• 

1 

t 

• 

• 

1 

• 

• 

• 

1 

1 

• 

1 

1 

• 

t I 

1 

i 

• 

i 

1 

1 

i 

• 

1 

• 

1 

1 

1 

1 

t 

• 

1 

1 

« 

▼4 

4 

to 

tv 

▼4 

4 

to 

Ml 

Ul 

t-1 

(V 

▼4 

4 

to 

(V 

*4  4 

Ul 

▼4 

4 

10 

cv 

▼4 

4 

to 

Ul 

Ul 

to 

Ul 

Ul 

IO 

in 

Ul 

to 

M 

M 

M 

M 

w 

M 

> 

> 

X 

X 

M 

M 

M 

M 

M 

X 

X X 

> 

X 

M 

M 

1-4 

H 

M 

> 

X 

> 

X 

> 

» 

> 

> 

> 

M 

M 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 

< 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

«3t 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

Of 

O' 

O'  Of 

6' 

Of 

Of 

or 

Of 

Of 

O' 

Of 

O' 

O' 

Of 

O' 

O' 

Of 

(V 

O' 

Of 

or 

Of 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

K 

M 

M 

M 

M 

H 

X 

X 

> 

> 

M 

M 

M 

M 

M 

X 

X X 

X 

> 

M 

M 

M 

M 

M 

X 

> 

X 

X 

» 

X 

X 

X 

X 

M 

H 

H 

4 

to 

tv 

4 

to 

tv 

.t 

to 

tv 

4 

to 

tv 

4 

to 

vO 

tr 

to 

>o 

O' 

to 

S0 

O' 

tv 

Of 

Of 

Of 

Of 

Of 

M 

to 

us 

O' 

Of 

O' 

O' 

Of 

Of 

M 

M 4 

N 

Of 

a 

or 

Of 

Of 

Of 

O' 

Of 

Of 

Of 

Of 

Of 

Of 

of 

to 

M 

M 

v4 

M 

to 

4 

♦ 

Of 

O' 

O' 

O' 

▼4 

tv 

tv 

to 

4 

(V 

O'  Of 

ft ' 

•V 

▼4 

(V 

to 

to 

* 

III 

III 

m 

III 

III 

III 

III 

III 

UJ 

4 

CO 

Hi 

3 

3 

3 

3 

3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

M 

X 

M 

M 

M 

M 

O' 

Of 

nr 

a 

a 

a 

a 

fi 

a 

a 

a 

ft 

a 

a 

a 

ft 

a 

ft 

ft  ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

CL 

ft 

ft 

ft 

ft 

a 

a 

0 

a 

o 

a 

Cl 

A- 89 


I 

I 

r 


i: 


i t 
t 


f: 

| 


2 

5 


o 

o 


X 

o 

o 

-I 


bunr  tooor-  dKKMissse^ieoojw^Howrio  iwicai^wf"^* 
«CNKO>0»0>nmiA  4 NnnoKCNNNn«4M  **  W «©  .»  M *U 


i • i i i i i < i i i i r t i t i : i i • i i • t i « i • i i i • • • i 

<VI«4.4f'3M»<,#IO<VJ*4.4MW*-l.4.JP*W^.4ll\*4-4-M>*«4l*>MIMftW»«**WWT< 

<<«<<<<«<<<<<<<<«<<<<<<<«<<<<<:<<<<<< 

aeotn'ecaeoc&eio'a'.&oetirn'ataca’txaevKariito'ae&ocKKO'aeaco'acacar 


MH>HHMH>>>5>HHHHHHHMHHHHWMH>MHHHHMNi> 


I o 
1 0 
« X 
» >• 
I C/I 
t 


(U  ^ N 

J-  K>  M HI-I-4K  ^ni\Mfl«fflfflXnaa 

ofnAi  ^ h<<irtnn(r«fflOPyyyjjrz>> 

ooov_j-iz>iu  O'-tcvjiur^vott'tttttto't/a'a'ttarartt&'KKa'a'a'K 

tfn'(Za!(ZQr«tftfO'4<4<t<IOl9DUUttDaeO(9l}<}OUUOU(9UU 

c'CTcroor'cyc'ac'jy'o'ty&'ft'ft'oivpQ'frrryfVQ'n'Q'o'a'iVfv'fvo'rt'Q'fyQ' 


CM 

<\i  «4  x>  ® art  > m 

uuoy  JJZ>IVI 


<r 

a: 


a 

o 


i 
i 

t j 
i 
i 
t 

Ul  X 
-I  o 
3 O 
O -I 
o 
z 

» 
O'  V 
O M 

u. 

>-  J 
J o 
_i  m 

< X 

o > 

m in 

Ul 

r 

« 

x 

a 

.j 

< 

o 
o o 

Ui  _l 

I* 

t' 

o 

V)  X 

o 

Ul  o 

-J  _i 

o 

CD 

X » 

S*  N 

in  m 

z 

**  _J 

Of  o 

O 0 
O X 
ae  v 
a </> 


*iirNiDtfC)Krir«fnioiOKffniOtOai*iKri(rNnio<o4«\4«ivinn4 
S«MKMMTnPin  4 4^4  NNMOKKNrlNBWrlftl  WIO  £44M 

H H H H * H 


M M > M M M 


M>>>>HHHHHHHHHHHHHHHV>HKHHMHH> 


n«9> 

4»-  i-»-niO<Mi(u 


^ r>  ru  jrrii»^n«)U'r(ni  4 N ■«'  »»  ™ n 

4 r n ip  in  N ip  At  .» po  »-i««(nB'B'ii'BiPoooyyyjjrr7> 

B'ooyvj7>>4o^»<N«xompi»'(i'i*'ft'^i*'ft'ft'i*'viPi»'iPip(pi»'i*' 
n;zatfiZtt;aiif^tf't<i<<‘Jootfoooooooooo(Juooeouo 
aafercfcrcrcfoocfa'o'ofe'o'ofo'ixo'a'afafa'arnfft'a'ofarofa'oiro^offt'of 


4 M 
en  x rvj 


-4 

a 


rlWMM>Ool.  K^MPM'OK.lBe 
KANIUMPOMPnift  4 4 4 4 


itOn4IT>tfirl«*4lnlOin4  4NinNMI>l4 
iMnaiOKNTiNiinHN  w a>  *o  jmu 


i i t i i i i i i i i i i < i i i i < i t i i l i i < i • i • i i • • i 

> 

4WN»l4«WH4nN»l4«NiHJJMNIft*NIIMflN»l4Wll\lftWNH4» 

a'f^a'o'ixoro'e'rt'o'ft'ft'iza'a'a'n'&'o'a'o'fv'afftfn'o'o'fi'ofa'ofo'airoriyop 


m !f\  »n 
^•foi— i-t-POifiasrj 


f*l  tVI 

4 n n 4 cd  (m  .4  k n!  4 n n 
enonnv_JZZ3*»*>o 

n'n;(pv(»'(y'ipip(pn'4>.----wwwww..w — 


| jnHKriviinwiM  jn<uu' 

: n»  4 n m H4«®(DiaaJcooaayyyjrrz 

in^NwnNniPiPiPivft'n'iyiPiv'n'ivn'iVfi'iyn'i*' 

: 4 < 4 4 >1  O ClD  O O lU5  O C5  IHM5  O (1C?  13  15  O (5 
’n'ft'ry'ft'n'ryri'ryn'rYn'&tYmCYiymn'rYfca'afnL  (V 


fO  (VI  PO 

4M(O0'®XX4i 


(V 


A- 90 


> 


; 


PROGRAM  SYMBOLS  SORTED  ALPHA8ETICALL Y FOR  MODULE-— TRAKM  
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PROGRAM  SYMBOLS  SORTED  AL°H4BETICALLY  FOR  MOOULE TRAKM  

SYMBOL  XSV  LOOM  LOC  SYMBOL  I/V  LOOM  LOG  SYMBOL  I/V  LOOM  LOC 


I 


v 


¥ 

K«DPn«<4h  o*««Mo«<r(?9>nn«Nip«ov)o^  * k Ni««ia 
nio>nnst«»MNNiniMAiA4i(innsKKe  1O1OM 

lllllllllllllllliltltlttllwlllllllll 
>W»  M>>»WWW>>»  MMMM 

WWW>>WWWWWWWWMWWW>>»WWMWM>WW»>WW> 

oca'ocato'va'aitxacQcectroiocacQCo'ceacv&O'attx&a'trQttxrr&at 

WWWWWWWWWWWWWWW 


i 


ro 

CM  4 n N lit  0 .*  U CM 

z ooctm«crntco't>)ti'o>ov)*4TiriT4  4Mi.>>b.  #^a;a!fo 

vjyaaioouu.ii.iLi3i5i5a;oia;(ii(^NNNou.ow  r cl  n on  a 

•cn'C'ii'tf  ucoaoooooooaoQOQOoiiHyy  v jt  zzz 

O'  <V  O'  CO  (/)  ► 


iO«croneniCO'aniOMift»ao<irnii\f*tiKaiitoo<tMtictMOut 
rnv4WnrK4.i-tMNMIAUM(UA4^«n«Ksa  KSviCh  KHtO 

•i  rl  *1 

I ( I I I • I t I I t I • I • I I I I I I I • I I I I I I « I I I 
M % kJ  % ^ ^ H M M ^ ^ % M M M 

j jj  4JjjjjjjjjjnMT4^iAHjjjn(tiw  t m cm  h .*■  cm 
wmwm>wmmmwwwwwwwww>>>mmww>>w>>>m> 
44444<4<4<<<<<<C4<4<<4<<<<<4<44<<4 
CYZofcYaCQcaccirocorocaraccire’ttiYcYflCcYkfCYo'QCocarcKzckrocQfo'tf 


WWWM>MWWMWWWWWMWWM>>>WMWM>>M>>>W> 


CM 

4 ro  cm  .*  ►.  mm.  4 

zcr“)Aiut«MiA«MuteirvtMw*4^nioot»>iLiL  w cm  o'  cm 
xTyo&L.oooL  u.u  istsoft'ft'o'ft'n'f/NNNU.oe^ra.ft  mo 
<ocro'MQCoaoaaaoaoaooaaoooc30MV^^_izzzz 

a'O'O'MMKHKHHt-C'V'HI-hiKh-l-kHkKh^KHI-hHI-KK 


iticinwniMMin«iMtiiA<ij'kooirnjNniiiiMitKtt>4KKMiiiiit 
lW4»W(fl4*t^NWHMniM(tlft>'flMWSKN  W W <>  <5  K *-» 

r4  <H  «4 

I • I I I I I I * I I I I • I I I I t I • I I I I I I I I • I I I 
M>M>  M»>>WWW»»>  WWW 

WWWW>MWWMWWWWWWWWW>>»WMWWW>W>>>WW 

<<<<<<<<<<<<<<4<<<<<<<<<<4<4<4<<< 

aYQfocaifQfQCQCo'ckrcYQCQ'o'Q'Qfckrckro'nriycYofc^ckraciyck'ofo'aro'ofair 

WWWWWWWWWWWWWWWWWWh-WWWWWWWWWWKf-WW 


wwwwvwwwwwwwwwwwww>>s»wwwww>w^>>ww 


■* 

ro  cm  -t  *■>  o cr>  cm  u.  ro 

W W CfUrliKfi4K<-CM9I0HtMHNUtCIH>lL  CM  •»  or 
irsj.iwa.U-Ooou.uu  isoiii/yvvyft'NMNU.u.nwrra.mu. 
omj'ff'n'unDnonoQnnDQonQnoooHHyyjjrzz 
c^ofcvo^wrwwwwwwwr— wwwwwwwwwwwwwwwi— wwww 

I 


TNP4  Y TRAV4  - 65  TNP  V TRAYi  - 65  TN2  V TRAY? 
TN3  V TRAV3  - 64  TN4  V TRAV4  - 64  TM  V TRAV1 
TPRV  I TRAILV-  87  TPR2  I TRAI2  - 13  TPR3  I TRAI3 


PROGRAM  SYMBOLS  SORTED  ALPHABETICALLY  FOR  MODULE-——  TSPXM 
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